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I. Introduction 
 
 Pneumatic nebulizers are widely used for sample introduction in inductively coupled 
plasma (ICP) mass spectrometry (MS) and optical emission spectrometry (OES). Nebulizers 
generate a fine aerosol, or mist, of liquid droplets that are subsequently vaporized. The aerosol 
is generated by passing a high-velocity sheath gas over the orifice of a liquid filled capillary. Due 
to the Venturi effect, liquid is pulled from the capillary orifice and the surface tension is 
disrupted to generate a fine liquid aerosol. Figure 1 shows an image of the aerosol generated 
from a PTFE nebulizer (Elemental Scientific, Omaha, NE USA) at 30 μL min-1 liquid flow and 1000 
mL min-1 gas flow. The small droplets of the aerosol are clearly visible. Gas flow into the 
nebulizer is controlled with a rotameter or mass flow controller, while liquid flow is generated 
with either a syringe pump, peristaltic pump, or through self-aspiration. Each nebulizer is 
calibrated to a specific gas flow for self-aspiration, eliminating the need for an external pump. 
However, self-aspiration can be affected by tip fouling and a syringe pump or peristaltic pump 
maintain a constant liquid flow in the milliliters per minute range. 
 

Figure 1: A PTFE nebulizer generating a fine aerosol, or mist, of water with 1000 mL min-1 air 
flow and 30 μL min-1 liquid flow. Nebulizers are typically used for inductive coupled plasma (ICP) 
spectrometry. 
 
 The Naval Research Laboratory (NRL) has been investigating the use of nebulizers for 
the generation of low-volatility analyte vapor streams (e.g. nitroaromatics). The goal is to 
generate a constant, stable vapor stream of analytes with extremely low vapor pressures. In 
order to achieve efficient conversion of liquid samples into vapors, nebulizers used in ICP-MS 
were investigated. Initially, a syringe pump was used to regulate liquid flow into the nebulizer. 
The concentration of analyte in the liquid phase was calibrated to generate trace 
concentrations of analyte vapor (parts-per-billion to parts-per-trillion levels).  However, the 
syringe pump stepper motor introduced oscillations, as seen in Figure 2, and these oscillations 
were magnified by the relatively low flow rate (30 μL min-1). At trace concentrations, the 
oscillations were detrimental and overshadowed any meaningful chemical information. 
Furthermore, the syringe pump with a 10 mL syringe needed constant refilling and would only 
run for approximately 5 hours. The 5 hour run time could be extended with a continuous flow 
setup using a pair of valves and two syringes. The continuous flow setup did not eliminate the 
oscillations, and an equilibration time of at least one hour was necessary every time the syringe 
pump switched directions, especially for trace analyte vapors. 
 Herein, a self-contained pneumatically modulated liquid delivery system (PMLDS) is 
described, which is capable of maintaining a constant flow rate over 24 hours with a closed-
loop feedback system that is currently not commercially available. We present three iterations ________________
Manuscript approved August 29, 2011. 
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of the system: a computer-assisted configuration, an embedded microcontroller with functions 
spread over two independent boxes, and a third all-in-one configuration that is capable of 
standalone operation or interfacing with a computer. The PMLDS performance is compared 
with a syringe pump and a capillary high-pressure liquid chromatography (HPLC) pump. 
 

Figure 2: The flow rate for a syringe pump over 2 hours with a 10 mL syringe and a 30 μL min-1 
flow rate. The oscillations in flow rate are attributed to the stepper motor used to move the 
piston within the pump and magnified by the relatively low flow rate. 
 
II. Computer-Assisted Flow Control 
 

Figure 3 shows a diagram representation of the pneumatic flow control with feedback. 
An electronic pressure control (EPC) unit is used to regulate the pressure inside a sealed vessel 
with a capillary. Liquid flow is generated by pressurizing the sealed vessel, forcing liquid up and 
out the capillary through the flow meter. The measured flow rate is recorded by the computer 
or microcontroller and a Proportional-Integral-Derivative (PID) controller algorithm calculates 
the necessary pressure to achieve the desired flow rate. 
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Figure 3: A diagram outlining the general components of a pneumatically modulated liquid 
delivery system for a nebulizer. The basic components include an electronic pressure control 
(EPC) unit, a flow meter, pressure vessel, and a PID controller, either a computer or 
microcontroller. A mass flow controller is also used to supply 1000 mL min-1 of nitrogen flow 
through the nebulizer, but has been omitted. The red line indicates the gas line, or pressure, 
the green line indicates electrical connections, and the blue line is the liquid flow. 

 
The EPC (Parker Hannifin Corp., Cleveland, OH USA, 0-15 PSIG) unit modulates the 

pressure based on a 0-5 V analog input voltage and requires <400 mA at 24 V to operate. The 
EPC unit is only capable of controlling the pressure to 10% of its full scale value. Any control 
voltage less than or equal to 0.5 V is consider 0.0 V by the EPC unit. Thus, with a 15 PSIG EPC 
unit, the full controllable pressure range is 1.6 to 15 PSIG with a resolution of approximately 
0.23 PSIG. A control voltage resolution of 0.075 V (75 mV) is needed for 0.23 PSIG pressure 
resolution. A 6-bit digital-to-analog converter (DAC) could be used, but relatively inexpensive, 
higher resolution DACs are more common and readily available. For example, an 8-bit DAC in an 
8-pin dual-inline package (DIP), such as the MAX517 integrated circuit, costs less than one US 
dollar and provides approximately 0.020V (20 mV) resolution, which is more than adequate for 
the 15 PSIG EPC unit. The Measurement Computing DAC (USB-3110) has 16-bit resolution and 
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cost significantly more, but is easy to install and operate without a custom circuit and is capable 
of multiplexing multiple EPC units. 

The initial configuration placed the EPC unit and gas connections in one 3x4x5 inch 
aluminum box with the flow meter mounted on top. Figure 4 shows a diagram of the 
components placed inside the box along with electrical connections, but the gas connections 
have been omitted for clarity. The breakout board was used to convert the RJ11 4P4C 
connector from the EPC unit to a screw terminal connection so that stripping, cutting, and 
soldering were minimized. A panel mount, isolated BNC connector was used to connect the 
control voltage input of the EPC unit to a computer or embedded microcontroller. Figure 5 
shows an image of the assembled EPC box with gas connections. 
 

 

Figure 4: A diagram of the components and electrical connections for the electronic pressure 
control (EPC) box. All the components were mounted and placed in a 3x4x5 in. aluminum box. 
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A four channel, analog output USB DAC (Measurement Computing, USB-3110) was used 

to supply a 0-5 V control voltage to the EPC unit based on the PID controller. A BNC cable with 
stripped wire leads connected the USB DAC to the BNC port of the EPC box. This configuration 
requires the use of a computer, which introduces significant overhead and cost to the system, 
but enables data logging of the flow rate and pressure. A custom LabVIEW program was created 
with PID control to monitor the flow rate and automatically adjust pressure. The program was 
designed to log data over time and compensate for bubbles that may have been introduced 
during loading of liquid samples. Additionally, three separate power outlets were required to 
run the system (five if the computer and monitor were included). The computer-assisted 
configuration was used to establish the feasibility of the design, but the number of required 
power outlets and relatively large space and overhead introduced by the computer made this 
configuration undesirable for routine use. 

Figure 5: The electronic pressure control (EPC) box with electrical and gas connections. The 
required (REQ) and supplied (SUP) connections of the EPC unit have been labeled. The gas inlet 
is connected to the supplied side of the EPC unit while the gas outlet is connected to the 
required side. The breakout board is used to have screw terminals for the EPC unit channels. 
The BNC connector passes the 0-5 V control voltage to the breakout board and ultimately the 
EPC unit. 
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III. Embedded Microcontroller Flow Control 

 
Due to space restrictions and availability of power outlets to run the system, an 

embedded solution with an all-in-one power supply was designed and implemented. The 
Arduino Uno is a well-established hobbyist microcontroller, focused on ease-of-use and 
teaching non-computer programmers about embedded applications. Consequently, there is a 
vast online community and documentation for the Uno with readily available components for 
assembling embedded circuits. The Arduino Uno uses an Atmega328 microcontroller with 
thirteen digital TTL control lines, six 10-bit resolution 0-5 V analog inputs, TTL serial 
communication, I2C serial communication, and an open source integrated development 
environment (IDE). The microcontroller has additional features and components that are not 
listed due to relevance. The Arduino Uno is feature-rich and more than capable of monitoring 
flow rates and adjusting control voltages. 

The Arduino Uno is capable of serial communication with other devices up to 19200 bits 
per second on its Digital 0 (RX) and 1 (TX) channels. However, the Digital 0 and Digital 1 
channels are also used for uploading code to the microcontroller. The microcontroller cannot 
be connected to the computer via its USB connector and a serial device on Digital 0 and Digital 
1 at the same time. Other digital channels can be used, but are limited to 9600 bits per second. 
The Sensirion ASL1600 flow meter (Zurich, Switzerland) uses 19200 bits per second.  In order to 
communicate with the flow meter, the serial communication on Digital 0 and Digital 1 channels 
must be used, but the flow meter cannot be connected to the microcontroller at the same time 
the microcontroller is connected to the computer. A series of two jumpers and two sets of 
header pins were placed in-line from the Digital 0 and Digital 1 channels of the microcontroller 
and the serial communication circuit with the flow meter. Uploading new code to the 
microcontroller involves removing the jumpers from the header pins, while communication 
with the flow meter requires connecting the header pins with jumpers. Future configurations 
could replace the header pins and jumpers with a single board mounted switch. 
 The Arduino Uno uses TTL (0 or 5 V) voltage levels to communicate with serial devices 
on Digital 0 (RX) and 1 (TX) channels. The flow meter uses the RS-232 protocol, which is a bi-
directional, inverted signal up to 15 V. A MAX232 integrated circuit (IC) was used to convert the 
TTL signals from the Arduino Uno to RS-232 signals for the flow meter. The MAX232 is a dual 
channel chip, providing an additional channel to be used for RS-232 communication with 
another device, such as a computer or second flow meter. 

An 8-bit, white-on-black, 16x2 (columns, rows) LCD was used to display target flow (TF), 
actual flow (AF), control voltage (V), and pressure (P). The pressure was not actively monitored 
by the microcontroller, but instead calculated from the control voltage based on the full range 
of the EPC unit. Only four bits from the LCD screen were needed to display all the required 
values. Thus, only twelve of the sixteen pins were used for the LCD screen, which was nicely 
divided into two pairs of six continuous pins. Figure 6 shows the LCD screen display with the 
backlight enabled. 

The Arduino Uno has pulsed width-modulated (PWM) outputs on six of the digital 
channels. PWM in combination with an appropriate capacitor and resistor (RC circuit) can be 
used to generate an analog voltage between 0-5 V. However, all of the PWM channels were 
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used for the two flow rate selection switches and the LCD screen as normal digital input/output 
channels. Instead, a DAC IC with 2-wire I2C serial communication was used to output a control 
voltage between 0-5 V to the EPC unit. Analog inputs 4 (SDA) and 5 (SCL) can be used for I2C 
communication with the Arduino Uno using the Wire Library provided with the IDE. A MAX517 
single channel DAC with a reference voltage of 5 V from the microcontroller was used. The I2C 
communication protocol is generally an 8-bit standard, but the Arduino Wire Library uses only 
seven bits. So, the eight bit address for the MAX517 chip had to be right shifted one bit because 
the Wire library automatically appends the eighth bit, shifting the address to the left. The 
source code for the microcontroller has been commented with this discrepancy. The 8-bit 
resolution, as mentioned earlier, is more than adequate for controlling the EPC unit. 

Two momentary-off-momentary (Mom-Off-Mom) switches allow the user to select the 
target flow rate, as seen in Figure 6. One switch adjusts the ten’s position, while the second 
switch adjusts the one’s position of the target flow rate. Incrementing and decrementing the 
target flow rate happens once per click of the switches, either up or down, respectively. The 
microcontroller looks for a change from 5 V (TTL High, or true) to 0 V (TTL Low, or false) to 
update the target flow value in microliter per minute and four 10 KΩ pull-up resistors set the 
input to 5 V when in the middle, off position. 
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Figure 6: An image of the white-on-black 16x2 LCD during operation of the embedded 
controller configuration. The target flow (TF) is displayed in microliter per minute and set by the 
user with the two momentary-off-momentary input switches, one’s place and ten’ 
 

The relatively simple circuit with the two ICs and required headers, connectors, 
resistors, and capacitors was assembled on a commercially available breadboard designed 
specifically for the Arduino Uno (ProtoShield v2, Sparkfun.com). Figure 7A shows the layout of 
electrical components on the breadboard used in the configuration with the microcontroller in 
a separate box from the EPC unit. The various electrical components were connected following 
the electrical diagram in Figure 8 with wire-wrap wire and soldering. The Arduino Uno, 
breadboard, LCD, power supply, and switches were placed in a single 3x4x5 inch aluminum box. 
A male DB9 connector was mounted on the back panel along with an isolated BNC connector 
for connection to the flow meter and EPC box, respectively. A DB9-to-M8 connector was made 
with a 9 V power channel on Pin 1 to power the flow meter though the embedded controller 
box instead of an external power supply; thus, the number of required power outlets was 
reduced to two (one for the embedded microcontroller box and one for the EPC box). 
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Figure 7: A diagram of the electrical components mounted and connected on a breadboard 
designed specifically for the Arduino Uno microcontroller. (A) The layout used for the 
microcontroller housed in a separate box from the EPC unit. (B) The layout used for the all-in-
one configuration with the microcontroller and EPC unit mounted in a single box. The screw 
terminals have been replaced with polarized header pins. 
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Figure 8: The electrical diagram for the embedded controller mounted in a separate box from 
the EPC unit using a 9 V, 1.2 A power supply. The different components are shown hard wired 
to the Arduino Uno, but components are mounted on a breadboard with header pins that align 
with the Arduino Uno board following Figure 7A. Actual connections to panel mounted 
components are made via screw terminals and header pins. 
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 The final configuration placed the EPC unit inside the microcontroller box to have one 
box and one power outlet to run the nebulizer. Figure 9 shows images of the final 
configuration. A second DB9 connector was mounted on the back panel and used for 
communication with a computer via the RS-232 protocol and the extra RS-232-to-TTL converter 
channel on the MAX232 IC, as seen in Figure 9B. The isolated BNC connector was eliminated 
since the EPC unit is connected directly to the breadboard in Figure 7B. The EPC unit requires 24 
V and <400 mA, while the microcontroller and flow meter are capable of operating with a 
voltage between 6-20 V, typically 9 V. Originally, a 9 V, 1.5 A power supply (TDK-Lambda, 
ZPSA20-9) was used to power the microcontroller, LCD, and flow meter. The 9 V supply was 
replaced with a 24 V, 0.9 A power supply (TDK-Lambda, ZPSA20-24) to reduce the number of 
power outlets. A voltage regulator (Fairchild Semiconductor, LM7809CT) was added to the 
circuit to drop the voltage from 24 V to 9 V for the microcontroller and flow meter. The voltage 
regulator was mounted directly underneath the Arduino Uno board and to the bottom plate of 
the aluminum box to properly heat sink the IC. The relatively large drop in voltage from 24 V to 
9 V requires adequate cooling of the voltage regulator. The LCD screen was powered from the 5 
V regulated output of the microcontroller, along with the backlight. Figure 10 shows the 
electrical schematic of the all-in-one configuration of the microcontroller and EPC unit, and 
Table 1 summarizes the Arduino Uno pin connections. All three configurations, computer-
assisted, embedded, and all-in-one, were used depending on the application. A complete parts 
list for all three configurations can be found in Appendix A. 

A C++ library was written for communicating with the Sensirion ASL1600 flow meter. 
Another library was created to implement a simple PID controller algorithm suitable for use 
with the Arduino Uno. Since the EPC unit and the flow meter only had one decimal of precision, 
the pressure and flow rate were stored as integers with values ten times their actual values, 
respectively. The values were divided by ten when needed for display purposes or calculations 
related to the PID control. The control voltage was similarly stored as an integer, but with a 
value 100 times the actual value. The integer storage of the three variables was done to 
minimize memory and space usage and speed up calculations since floating-point calculations 
are relatively slow with microcontrollers. The total compiled program is approximately 10 Kb, 
leaving 20 Kb for future upgrades and additional features. The source code is available in 
Appendix B or in electronic format from the authors. 
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Figure 9: (A) Photograph of the all-in-one configuration with the electronic pressure control 
(EPC) unit, Arduino Uno, voltage regulator, breadboard, and 24 V, 0.9 A power supply mounted 
in one 3x4x5 inch aluminum box. The complete electrical and pneumatic connections have 
been omitted for clarity. (B) The back panel of the all-in-one configuration with gas 
connections, power switch, power connection, and two DB9 connectors for communication 
with the flow meter and computer via the RS-232 protocol. 
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Figure 10: The electrical diagram of the all-in-one configuration with the microcontroller and 
EPC housed in a single 3x4x5 inch aluminum box with a 24 V, 0.9 A power supply. The Arduino 
Uno, LCD, and switches have been omitted for clarity and to reflect the use of KK connectors™ 
instead of hard wiring directly to a breadboard. The OUT pin of the voltage regulator is 
connected to JP01 via a KK connector™ and cable. 
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Table 1: A summary of the Arduino Uno microcontroller pin connections to each component in 
the all-in-one configuration. 

Arduino Uno Pin Function Component Pin 

Reset Not connected  

3.3V Not connected  

5V Power supply LCD Pin 2, LCD Pin 15, 1’s increment, 1’s decrement, 
10’s increment, 10’s decrement, MAX517 Pin 6, 
MAX517 Pin 7, MAX517 Pin 8, MAX232 Pin 16 

GND Ground LCD Pin 1, LCD Pin 3, LCD Pin 5, LCD Pin 16, MAX517 
Pin 2, MAX517 Pin 5, MAX232 PIN 15 

GND Ground Voltage regulator 

Vin 9V input Voltage regulator 

A0 Not connected  

A1 Not connected  

A2 Not connected  

A3 Not connected  

A4 SDA MAX517 Pin 4 

A5 SCL MAX517 Pin 3 

D0 TTL RX MAX232 Pin 12 

D1 TTL TX MAX232 Pin 11 

D2 LCD LCD Pin 14 

D3 LCD LCD Pin 13 

D4 LCD LCD Pin 12 

D5 LCD LCD Pin 11 

D6 LCD LCD Pin 6 

D7 LCD LCD Pin 4 

D8 10’s switch 10’s increment 

D9 10’s switch 10’s decrement 

D10 1’s switch 1’s increment 

D11 1’s switch 1’s decrement 

D12 Not connected  

D13 Not connected  

GND Not connected  

AREF Not connected  

 
IV. Pressure Vessels 
 

Four pressure vessels were considered for use with the PMDLS. A 50 mL Nalgene 
centrifuge tube was tested, but based on documentation it could not hold 50 PSIG of pressure. 
Theoretically, the EPC unit is supplied with house air, which is down regulated to 50 PSIG. If the 
EPC unit were to fail, 50 PSIG could be supplied to the pressure vessel, while only a maximum of 
15 PSIG is supplied when the EPC unit is in use. A pressure vessel capable of at least 50 PSIG 
was desirable for safety considerations, and necessary if higher flows and pressures were 
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needed in future applications. A 500 mL Nalgene bottle was also considered, but a noticeable 
deformation was observed under 15 PSIG of pressure.  

A glass, 350 mL round bottom flask was found capable of holding 150 PSIG (Chemglass 
Scientific Equipment, Inc.). The glass round bottom flask had adequate volume to run 
continuously for several days at 30 μL min-1 and a visible indication of liquid level in the vessel. 
An inert plastic “T” connector (P-714, IDEX Health & Science) was used to connect the liquid 
flow and pressure line to the cap provided with the round bottom flask. The plastic cap was 
drilled and tapped for an adaptor (U-511, IDEX Health & Science) to connect to the “T.” Plastic 
capillary tubing (360 μm OD, 150 μm ID) was inserted through the “T” and into the round 
bottom flask for the liquid connection, while 1/16 inch OD thick-walled PTFE tubing was used 
for the gas connection. The completely assembled round bottom flask can be seen in Figure 
11A. A complete parts list for the round bottom flask can be found in Appendix A. The glass 
round bottom flask must be flushed and rinsed after each use to reduce cross-contamination at 
trace concentrations, which is cumbersome and time consuming. A disposable option would 
provide greater utility and flexibility.  

Finally, a metal, refillable spray paint canister rated for 100 PSIG was evaluated. The 
canister was modified slightly to hold 50 mL plastic centrifuge tubes and 1/16 inch OD PTFE 
tubing for liquid flow. The 50 mL centrifuge tube offers improved reusability of the pressure 
vessel without flushing or rinsing, minimizes cross contamination, and the same containers can 
be used for solution preparation. Figure 11B shows the modified refillable spray paint canister 
with liquid and gas connections. Again, a complete parts list can be found in Appendix A. The 
metal canister is not transparent and the liquid level inside the 50 mL plastic centrifuge tubes 
cannot be monitored visually. With the exception of the 500 mL Nalgene bottle, the three other 
pressure vessels could be used depending on the application and experiment, but the glass 
round bottom flask and metal canister are better suited if a failure occurs and easily adapted 
for applications requiring higher pressures and flow rates. 
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Figure 11: Pressure vessels for the PMLDS: (A) a 350 mL glass round bottom glass rated to 150 
PSIG and (B) a refillable spray paint canister rated for 100 PSIG. An inert plastic “T” connection 
is used with the round bottom flask for fluidic and gas connections. PTFE capillary tubing (360 
μm OD, 150 μm ID) was used as the liquid connection for the round bottom flask and thick-
walled PTFE 1/16 inch OD tubing for the gas connections. The refillable spray paint canister 
used only thick-walled PTFE 1/16 inch OD tubing for both the liquid and gas connections. 
 
V. Results 
 
 Figure 12 shows the flow rate over approximately a 20 hour period for a syringe pump, 
capillary-HPLC pump, and the PMLDS. All three systems were connected to the PTFE nebulizer 
to generate a water aerosol with representative flow restrictions. The relative standard 
deviations of the flow rates for the three systems are 6.6%, 5.0%, and 0.5% for the syringe 
pump, HPLC pump, and PMLDS, respectively. Clearly, the PMLDS provides a more stable, 
constant flow over an extended period of time. Oscillations with a relatively large period for the 
syringe pump can be seen in Figure 12A. These oscillations are a consequence of the syringe 
pump changing directions while operated in a continuous flow mode. The continuous flow 
mode is necessary to run longer than 5 hours with a 10 mL syringe, and could not reliably be 

operated at flow rates <60 L min-1. Due to the dead volume in the continuous flow system, at 
least 1 hour is needed after each change in direction to reestablish a constant flow and 
ultimately a stable vapor stream.  During the most stable period of operation, between 
switching events, flow oscillations resulted in 6.6% RSD. 

Random spikes in flow rate are observed with the capillary-HPLC pump (Figure 12B). The 
HPLC pump is designed to work at relatively high pressures (1000 PSIG) and higher flow rates (1 
mL min-1), not the atmospheric pressure and microliters per minute flow rate required for the 
nebulizer. These conditions associated with the nebulizer contribute to the inconsistent flow 
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rate of the HPLC pump. Furthermore, the cost of the PMLDS (~$700 US) is significantly less than 
the syringe pump (~$5K US) and HPLC pump (~$10K US), if the flow meter is not included. OEM 
flow meters are available at reduced, bulk pricing and printed circuit boards (PCBs) could be 
used instead of breadboards, which are time intensive to assemble. Overall, the observed 
stability and relatively low cost of the PMLDS makes it an attractive option for generating 
aerosols of analytes with a nebulizer. 
 

 
Figure 12: Flow rate versus time for a nebulizer driven with (A) a syringe pump, (B) a capillary 
HPLC pump, and (C) a pneumatically modulated liquid delivery system (PMLDS) with the 
relative standard deviation for the flow rate over approximately 20 hours. The oscillations of 
the syringe pump are clearly visible as the pump changes directions in continuous flow mode, 
while the spikes in flow rate for the HPLC pump are most likely due to a lack of pressure since 
the pump is designed to work at ultra high pressures (>100 PSIG). The initial pulse in flow rate 
for the PMLDS is the activation of the PID controller, where a short stabilization period is 
needed. The relative standard deviation for the syringe pump is calculated during the periods of 
flow established after equilibration and does not include the switching time. 
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VI. Conclusions 
 

A pneumatically modulated liquid delivery system (PMLDS) was designed and 
implemented to generate a constant, stable flow for a pneumatic nebulizer. Three iterations of 
the PMLDS were built: a computer-assisted configuration capable of data logging, an embedded 
microcontroller configuration eliminating the needed for an expensive computer, and an all-in-
one configuration with the electronics and pneumatics in a single box. The all-in-one 
configuration required only a single power outlet to run the electronics, pneumatics, and flow 
meter. A simple PID algorithm was implemented to calculate the pressure necessary to achieve 
a target flow rate. Several pressure vessels were investigated. A modified refillable spray paint 
canister provided the greatest balance between safety and usability. The stability of the liquid 
flow of the PMLDS connected to a nebulizer was compared to a syringe pump and capillary-
HPLC pump. An order of magnitude improvement of the relative standard deviation for the 
average flow rate was observed for the PMLDS over an equilibrated syringe pump and HPLC-
pump. The PMLDS can easily be extended to microfluidic applications and nanoliter per minute 
to milliliter per minute flow rate ranges. The PMLDS is a flexible and reliable system for 
delivering a constant, stable liquid flow over hours of operation and is ideally suited for 
nebulizers. 
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APPENDIX A: Complete Parts List 
 
Table A-1: Parts list for the Electronic Pressure Control (EPC) unit box and pressure vessels. 

Part Description Quantity Part Number Manufacturer 

Electronic Pressure Control (EPC) 
Unit (0-15 PSIG) 

1 990-005101-015 Parker Hannifin Corp. 

Breakout Board 1 BRK4P4C-R-DIN Winford Engineering 

Power Connector Port 1 JR-101 Multicomp 

Toggle switch On-On SPDT 2 A101SYZQ04 TE Connectivity 

3 x 4 x 5 inch Aluminum Box 1 AU-1028 Bud Industries 

Female spade crimp connector 3 19003-0107 Molex 

Fork crimp connectors 5 31N2554 SPC Technology 

10-32 coned Bulkhead Union, 
PEEK 

2 P-440 IDEX Health & Science 

10-32 PEEK Nut and Ferrule 1 F-331x IDEX Health & Science 

PTFE tubing 1/16 inch OD 5 ft 1503 IDEX Health & Science 

BNC Connector, isolated, panel 
mount 

1 713-9080 Amphenol 

24 V, 0.9 A power supply, DIN rail 1 S82K-00324 Omron 

6-32 screw, ½ inch 6 91770A148 McMaster-Carr 

6-32 screw, ¼ inch 2 91770A144 McMaster-Carr 

4-40 socket cap screw, ¼ inch 2 92949A106 McMaster-Carr 

M3x4 socket cap button screw, 16 
mm 

2 92095A184 McMaster-Carr 

½ inch spacer 0.14 inch ID, 0.25 
inch OD 

2 92510A445 McMaster-Carr 

Nylon spacer, 1/8 inch 4 94639A299 McMaster-Carr 

Serial-to-USB adaptor 1 USA-19HS Keyspan 

Flow meter 1 SLG1430-150 Sensirion 

USB DAQ Board 1 USB-3112 Measurement Computing 
Corp. 
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Table A-2: Parts list for the embedded controller box, including the all-in-one configuration. 

Part Description Quantity Part Number Manufacturer 

9V, 1.5A Power Supply 1 ZPSA20-9 TDK-Lambda 

24V, 0.9A Power Supply 1 ZPSA20-24 TDK-Lambda 

Toggle switch Mom-Off-Mom 4 A105SYZQ04 TE Connectivity 

Toggle switch On-On SPDT 2 A101SYZQ04 TE Connectivity 

Header pins, 36 pos 10 68001-436HLF FCI 

4 Pin Molex KK Connector 2 09-50-3041 Molex 

3 Pin Molex KK Connector 2 09-50-7031 Molex 

Terminal crimp connector 14 08-50-0107 Molex 

Female spade crimp connectors 6 19003-0107 Molex 

10K Ω Resistor 12 CFR-25JB-10K Yageo 

2K Ω Resistor 2 MFR-25FBF-2K10 Yageo 

11 Ω Resistor 2 PCB15KB10R0 Stackpole Electronics 

0.1 μF capacitor 4 SR215E104MAR AVX Corporation 

RS232-to-TTL chip 2 MAX232CPE+ Maxim 

1-CH 8-Bit I2C DAC Chip 2 MAX517BCPA+ Maxim 

1 μF capacitor 10 FK24Y5V1H105Z TDK Corporation 

IC Socket 16 Pos 0.300’’ 2 110-93-316-41-00100 Mill-Max 

IC Socket 8 Pin 0.300’’ 2 110-44-308-41-00100 Mill-Max 

Power Connector Port 2 JR-101 Multicomp 

4 x 5 x 3 inch Aluminum utility 
box 

2 AU-1028 Bud Industries 

DB9 Male connector 3 G17S0910110EU Amphenol 

Fork Tongue crimp connector 2 31N2550 Newark Electronics 

Microcontroller 2 Uno Arduino 

White on Black LCD Display 2 LCD-00709 Sparkfun 

Arduino Stackable Headers, 8 pos 2 PRT-09279 Sparkfun 

Arduino Stackable Headers, 6 pos 2 PRT-09280 Sparkfun 

Screw terminal 0.300’’ pitch 2 pos 1 PRT-08432 Sparkfun 

Screw terminal 0.300’’ pitch 3 pos 1 PRT-08433 Sparkfun 

BNC connector, isolated 1 713-9080 Amphenol 

Nylon 1/8 inch spacers 16 94639A299 McMaster-Carr 

M2x4 screw 4 92005A033 McMaster-Carr 

M2x16 screw 4 92005A037 McMaster-Carr 

M2 nut 8 90591A111 McMaster-Carr 

M2 washer 16 91166A180 McMaster-Carr 

M3x10 screw 16 92005A120 McMaster-Carr 

M3 nut 16 90591A121 McMaster-Carr 

M3 washer, zinc 14 91166A210 McMaster-Carr 

M3 nylon washer 2 95610A130 McMaster-Carr 

4-40 socket cap screw  ¼ inch 4 92949A106 McMaster-Carr 
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4-40 metal washer 4 94744A155 McMaster-Carr 

10-32 coned Bulkhead Union 2 P-440 IDEX Health & Science 

1/16 inch OD PTFE tubing 5 ft 1503 IDEX Health & Science 

10-32 PEEK Nut and Ferrules 1 F-331x IDEX Health & Science 
Connector Receptacle Housing 6 pos 2 1375820-6 TE Connectivity 

Connector Receptacle Housing 3 pos 4 1375820-3 TE Connectivity 

Connector Receptacle Housing 2 pos 2 1375820-2 TE Connectivity 

Connector Header Vertical 6 pos 2 640454-6 TE Connectivity 

Connecter Header Vertical 3 pos 4 640454-3 TE Connectivity 

Connecter Header Vertical 2 pos 2 640454-2 TE Connectivity 
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Table A-3: Parts list for the pressure vessels. 

Part Description Quantity Part Number Manufacturer 

1/8 inch NPT male to 1/16 inch 
Swagelok Male stainless steel 

1 SS-400-1-2 Swagelok 

1/8 inch Swagelok male to 1/8 
inch NPT female bulkhead 
stainless steel 

1 SS-100-1-2BT Swagelok 

1/8 inch Swagelok male to 1/16 
inch Swagelok male bulkhead 
stainless steel 

1 SS-200-61-1 Swagelok 

5/16 inch ID PTFE washer 2 96371A203 McMaster-Carr 

5/16 inch ID, 5/8 inch OD stainless 
steel washer 

1 92141A029 McMaster-Carr 

Large fender washer, 1.25 inch 
OD, 5/16 inch inner 

1 91525A230 McMaster-Carr 

350 mL glass round bottom flask 1 CG-1880-42 Chemglass Scientific 
Equipment 

1/8 inch NPT to ¼-28 Male 1 U-511 IDEX Health & Science 

HPFA 360 μm OD, 100 μm ID 
tubing 

1 1932 IDEX Health & Science 

1/16 inch OD PTFE tubing 5 ft 1503 IDEX Health & Science 

360 μm OD, 150 μm ID PTFE 
tubing 

5 ft 1933 IDEX Health & Science 

PEEK “T” Connector 1 P-714 IDEX Health & Science 

Luer to ¼-28 adaptor 1 P-605 IDEX Health & Science 

Capillary sleeves for 360 μm ID 1 F-185x IDEX Health & Science 

Billet refillable spray paint can 1 11181 Eastwood 
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APPENDIX B: Source code for the Arduino Uno microcontroller 
 
 The source code is provided without warranty. This version of the code, v1.0.1, does not 
implement a protocol for communicating with a computer. There are three sections to the 
code: the core, the ASL1600 Library, and the PID Library. The core code runs the Arduino Uno 
and calls upon the ASL1600 Library to communicate with the Sensirion ASL1600 flow meter and 
the PID Library to determine the pressure for a desired flow rate. 
 

SEE ATTACHED CD FOR PROGRAM AND SOURCE CODE 
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ASL1600 Product Summary 


The ASL1600 Liquid Mass Flow Meter enables 
extremely fast and accurate measurements of ultra low 
liquid mass flows. This  particularly small and light device 
operates with total media isolation, hardly any dead 
volume and no moving parts. The unique performance of 
this Swiss made device is based on Sensirion’s 
unsurpassed CMOSens® sensor technology which 
combines a high precision thermal sensor element with 
the amplification and A/D converter circuit and digital 
signal processing on one single CMOS chip. This results 
in superior resolution, fast response time and large 
dynamic range at low power consumption.  
All measurement data is fully calibrated and temperature 
compensated by means of an internal microcontroller.


Excellent chemical resistance and bio-compatibility are  
ensured. The medium only gets in contact with the 
straight sensor capillary made of Duran®- (borosilicate 
glass 3.3), with the PEEK™-fittings and with Teflon® 
used as sealing material. Typical applications for this 
sensor include precise liquid mass flow and volume 
measurement for analytical instruments, medical 
devices, process control.  
The ASL1600 requires a supply voltage of 7…18 VDC 
and provides an RS-232 compliant digital interface.


CMOSens® Technology 


 CMOSens® is the base technology for all Sensirion 
microsensor products. The unification of CMOS and 
sensor technology serves as a platform for highly 
integrated system solutions with excellent sensor 
precision and reliability. Inside the ASL1600 the on-chip 
sensor element forms an integrated whole with a high-
end amplification A/D converter circuit. Due to this  
compact single-chip design, CMOSens® based sensors 
are very resistant to electromagnetic disturbances (EMC), 
another important technical advantage of this state of the 
art sensor technology. As a result, CMOSens® based 
sensor modules offer excellent sensor precision, fast 
response time and a very large dynamic measurement 
range. In addition, the digital intelligence of the 
CMOSens® sensor technology enables digital interfaces 
that permit an easy link with the system of the customer, 


a real advantage and benefit that results in ready-to-use 
problem solutions. 
The core element of CMOSens® liquid mass flow 
sensors is formed  by mounting the highly sensitive 
microchip on the outside of a straight glass capillary (US 
Patent 6,813,944 B2). The liquid mass flow in the 
capillary is measured through the tubing material 
guaranteeing a total media isolation. 
 
 
 
 
 
 
 
 
 


Enlarged View  
 


 
Digital Signals from Chip 


CMOS Sensor Chip 
Calorimetric Sensing Principle 
Measure through tubing material 


 
         Sensor Capillary 
 


May 2009 V1.1 


− Totally non-invasive  
− Maximum flows up to 4 ml/min  
− Resolutions down to 100 nl/min 
− Response time 30 ms 
− RS-232 digital interface 
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1 Liquid Mass Flow Sensor Performance  


Table 1: Overview ASL1600 Liquid Flow Sensor Performance (all data for 23°C, 1 barabs unless otherwise noted). 
 


Parameter Condition ASL1600-10 ASL1600-20 Units 


Liquid Flow Sensor  


Maximum Flow (bi-directional)  1000 4000 µl/min 


Calibrated Minimum Flow   40 200 µl/min  


Flow ≥ Calibrated Minimum Flow 3.0 a,d   3.0 a,d % of measured value Accuracy d 
 Flow ≤ Calibrated Minimum Flow 0.15 a,d  0.15 a,d % of full scale 


Best Resolution b at calibrated min.  flow  0.1 0.3 d µl/min 


 at maximum flow 1.5 5.0 µl/min 


Pressure Drop at maximum flow <100 <100 Pa c 


Repeatability    reference conditions d <0.8 <0.8 % of measured value 


Overpressure related Offset   0 0 % FS / bar 


Overpressure Resistance e  5 3 bar d 


Flow Detection Response Time  30 30 ms 


Digital Sampling Time 
(Data Readout) 


depends on resolution 
setting (see Table 2) 


5 5 ms 


Operating Temperature avoid freezing +0…+60 +0…+60 °C 


25%…75% of max. flow <0.2 <0.2 % MV  / K 
Temperature Coefficient 


<25% or >75% of max flow <0.4 <0.4 % MV  / K 


Mounting Orientation 
Sensitivityf 


 <1.5  <3 % of full scale 


Temperature Sensor Measures temperature inside the sensor chip, but not of the surrounding air g 


Dynamic Range  +10…50 +10…50 °C 


Resolution  0.1 0.1 °C 


Accuracy  3 3 °C 
 


Table 2: Resolution at Different Flow Levels and Integration Times C  


                                                           
a Better available on request. For best results allow the sensor to warm up. 
b See Table 2 
c 1 bar = 100 000 Pa = 0.9869 atm = 401.9 inch H2O = 14.5 psi 
d Reference conditions: 1 barabs, T= 20°C, medium H2O, vertical mounting (electrical connector up) 
e Overpressure in operation; High overpressure resistance for OEM-solutions on request 
f For low flow measurements with high accuracy vertical mounting position (connector up) is recommended 
g The chip warms up by about 4K (depending on supply voltage and ventilation) 
 


Sensor Resolution 
Readout 
Frequency 
200 Hz 


Readout 
Frequency 
50 Hz 


Readout 
Frequency 
12.5 Hz 


Readout 
Frequency 
1.56 Hz 


 


Best Resolution to be multiplied by ... 64 16 4 1 


     


Mass Flow Integration Time 5 ms 20 ms 80 ms 640 ms 
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1.1 Sensor Principle and Liquid Media 
The ASL1600 device detects liquid mass flow by 
measuring heat transfer through the tubing material of 
a glass capillary. On a microchip outside the capillary, 
a heating resistor on a thermally optimized membrane 
is kept above ambient temperature. In the presence 
of liquid flow inside the capillary, the temperature 
distribution up- and downstream is disturbed. This 
asymmetry is then measured. Due to the minimal 
thermal mass of the system, symmetrical 
arrangement, and accurate temperature 
measurement, the revolutionary specifications of the 
ASL1600 devices are achieved while providing total 
media isolation. 
The above-mentioned thermal principle depends on 
the physical properties of the liquid used. The 
ASL1600 is calibrated for water only but the use of 
other liquids is also possible. The sensor guarantees 
an outstanding repeatability for a wide range of 
different media though offset, sensitivity and 
measurement range may change. It is recommended 
to characterize the sensor output separately when 
starting to perform such measurements. Units 
calibrated directly for other liquid types are available 
on request when high volumes are needed. 
 
 


1.2 ASL1600 Transfer Characteristics 
Figure 1 shows the applied liquid flow vs. the digital 
output of the ASL1600-20. The characteristics is 
linear for the medium water. Beyond the limits of the 
output (ca. calibrated maximum flow + 10%), the 
signal remains constant. 
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Figure 1: ASL1600 transfer characteristics  
for H2O calibrated output 


 
 


 


1.3 Raw Data Mode 
For applications where high repeatability is most 
important and different types of media are used, the 
sensor can be switcheda to raw data mode. By doing 
this non-linear effects can be monitored without 
influence of the internal calibration data. 
Figure 2 shows the applied liquid flow vs. the digital 
output of the ASL1600 in raw data mode.  
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Figure 2: Qualitative transfer characteristics of 
ASL1600 in raw data mode. 


 
 
 


1.4 Offset  
After exposing the sensor to extreme conditions or 
when using other media than water a slight offset on 
the sensor output may occur. In this case an offset 
correctiona may be useful if best accuracy is needed. 
 
 


                                                           
a Ask for support for this operation 
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2 Digital Interface and Power Supply 


For communication and power supply the ASL1600 is 
equipped with a 4-pin M8 connector IEC 60947-5-2 
(e.g. Hirschmann E Series M8). (Pigtail cables for this 
connector are available at Sensirion. Refer to article 
number  1-100136-01) 
 
 
 
 
 
 
 


Figure 3: Connector for RS232 and power 
supply with pinout view from outside 


 


Pin Description 


1 VDD 


2 TxD  (Sensor Transmitting Data) 


3 RxD  (Sensor Receiving Data) 


4 GND (Ground) 


 
 
 


GND and VDD (Power Supply) 
The ASL1600 requires a voltage supply of between 
7V and 18 V. Since this voltage is internally regulated, 
there are no stringent requirements as far as ripple 
and stability are concerned. 


2.1 Digital Interface Dataformat  
The ASL1600 has a bi-directional RS-232 interface to 
set configuration and to get flow or temperature 
values. The received value is a 16 bit integer in the 
two's complement representation.  
received 
value (hex) 


received 
value (dec) 


flow 
[µl/min] 


temperature 
[°C] 


0x7EFF 32511 +1548.140 +320.00* 


    


0x0001 1 +0.0476 0.01 


0x0000 0 0.0000 0.00  


0xFFFF -1 -0.0476 -0.01 


    


0x8101 -32511 -1548.140 -320.00* 


*not possible value, just to show the principle 


Table 3: Interpretation of integer values 
 
The calibrated data is multiplied by a constant factor  
and then rounded to the next smaller integer in order 
to transfer also fractions of a unit through the integer 
protocol. Example: with factor=21 a received value of 


+1234 (dec) corresponds either to 58.76 µl/min in 
flow mode or 12.34 °C in temperature mode. Always 
use the ‘info’ command to determine individual values 
of your sensor. (see Table 5) 
 


RS-232 Interface 
All configurations (see also Section 3) for the 
ASL1600 can be set using its RS-232 interface. The 
following pins are required to communicate with the 
ASL1600 via RS-232: 
 
RxD (Receiving Data Line) 
TxD (Transmitting Data Line) 
GND (Ground) 
 


The RS-232 protocol of the ASL1600 is configured as 
follows: 
Baud Rate 19200 
Data Bits  8 
Stop Bits  1 
Parity  none 
Protocol  none 
Echo  the sensor generates an echo 


 
With these settings, the ASL1600 device can be 
connected to any PC or device with an RS-232. The 
commands have to be sent in ASCII format, the 
measurement values are provided as a 16 bit integer 
in binary format with 2 bytes synchronization 
preceding.  


 
 
 
 
 
 


Figure 4: Byte sequence of one value 
 
Because of the maximum range of 0x7EFF, the high 
byte will never  contain 0x7F. So, the worst case is, if 
the lower byte contains 0x7F. In this special case, 
0x7F appears three times in a row. 
Example (val=7C 7F): 


received string: 7F 7F 7C 7F 7F 7F 7C 7F 
right sync: 7F 7F 7C 7F 7F 7F 7C 7F 


 wrong sync:                 7F 7F 7F 7C 
 
The best approach to find the sync in pseudo code: 
if (buffer[ i ]=7F and buffer[i+1]=7F and buffer[i+2] <> 7F) 
then buffer[i] and buffer[i+1] are sync bytes. 
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3 Configuration and Commands  


The ASL1600 device accepts a set of commands 
through its RS-232 interface (see 0 for valid 
commands; for correct settings of the RS-232 refer to 
Section 2.1). This allows the user to configure the 
ASL1600 device. Since the configuration is stored in 
the internal EEPROM, it is maintained after power 
interruptions.  
With the exception of the stop s command, all 
commands have to be sent in the ASCII-format and 


terminated by the return key (↵, ASCII #10 or #13; 
never #10 and #13).  After completion of a command, 
the ASL1600 returns ok and is ready to  accept a new 
instructiona. Before entering a command, it might be 


necessary to clear the buffer by means of using ↵.  
There is a trade-off between resolution and 
measurement time. Possible settings are listed in 
Table 4. For example, choosing 12 bit resolution 


results in a measurement interval of 80 ms. With the 
max resolution of 15 bit, a new measurement is 
provided every 640 ms.  
 
Table 4: Resolution settings using the res=value 
command and corresponding response times  


res= 
Resolution 


[bit] 


Internal signal 
integration time 


[ms] 


Data rate 
[Hz] 


0 8 5 200 


1 9 10 100 


2 10 20 50 


3 11 40 25 


4 12 80 12.5 


5 13 160 6.25 


6 14 320 3.125 


7 15 640 1.56 


 
 


 
Notes: 


• Due to the limited write cycles allowed (lifetime limitation: 1 Mio cycles) for the EEPROM, excessive configuration 
modifications should be avoided. Even the get-command underlies this limitation. 


• The commands are not case sensitive. 


                                                           
a The commands mod?, res? and int? do not return ok 


Table 5: RS-232 interface commands 


Command Output Description 


help↵ commands Lists all available commands 


ver↵ version Provides type of sensor, firmware version and article number 


info↵ calibration Unit / Factor Flow / Overflow / Sensitivity / Factor Temperature 


data↵ serial ID Sensor serial number 


go↵  Starts series of measurements 


s stop Stops series of measurements 


get↵  Start single measurement (lifetime limitation: 1 Mio cycles) 


mod=F | T↵a mode Selects flow- (F) or temperature mode (T), (mod? = Status) 


res=0..7↵ a resolution Sets resolution: 0 -> 8 bits; 7 -> 15 bits, see Table 4, (res? = Status) 


int=x↵a  x=number of 5 ms intervals between automatic internal temperature measurements for
an update of the temperature compensation (duration: 45 ms). 0=never, {1..2*109}. 
 (INT? = Status).  Flow is NOT measured during this internal temperature update! 


updatetemp↵ 
 


Manual command for an internal temperature measurement for internal update of the 
temperature compensation. Used with int=0 


rdatax↵  Reads 4 user defined bytes at the address x={0,…,9} 


wdatax=yyyy↵  Writes a maximum of 4 user defined bytes at the address x={0,…,9} 


test↵  Sensor selftest 


reset↵  Resets ASL1600 device 


pw=expand  Switch security mode off. Allows selecting raw data mode. 


raw= 1 | 0  Selects data mode: 1=raw data, 0 = linearized, temp. compensated data  







ASL1600 Liquid Mass Flow Meter                       


www.sensirion.com  May 2009 V1.1  6/9 


• In order to send a new command to the ASL1600, make sure the ASL1600 is not in measurement mode. Issue 
therefore a stop command s first. After this, any instruction can be given to the ASL1600 and a new series of  


measurements can be started by go↵. 
 


RS232 Communication Error Codes 
 
ERROR 01 Invalid command 
ERROR 02 Wrong syntax 
ERROR 03 Value out of range 
ERROR 04 Not allowed mode 
ERROR 50 Invalid EEPROM 
ERROR 99 Internal error 
 
 
 
 


4 Electrical and Mechanical Specifications ASL1600 


4.1 Absolute Maximum Ratings 
Ambient storage temperature -10°C to 60°C 
Ambient operating temperature 0°C to 60°C 
Overpressure resistance  5.0 bar 


4.2 Electrical Specifications 
 
Table 6: ASL1600 DC Characteristics. 


Parameter Conditions Min. Typ. Max. Units 


Power Supply DC DC, abs. maximum rating 7 9 18 V 


VDD = 9 V, no load  20  mA 
Operating Current 


VDD = 9 V, 3kΩ at RS232 output  27  mA 


Power Dissipation VDD = 9 V, no load  180  mW 


 
 
Table 7: ASL1600 RS-232 Characteristics. 


Parameter Conditions Min. Typ. Max. Units 


RS232 Output      


Output Voltage Swing 
Transmitter output loaded  


   with 3kΩ  


±5 ±9 
 


V 


Power-Off Output Resistance  300   Ω 


Output Short Circuit Current   ±18  mA 


RS-232 Input  


Voltage Range abs. maximum rating -15  15 V 


Voltage Threshold  


Low  0.8 1.2  V 


High   1.7 2.4 V 


Hysteresis  0.2 0.5 1.0 V 


Resistance  3 5 7 kΩ 
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4.3  Mechanical Specifications 
Wetted Materials 
The medium only gets in contact with the straight sensor capillary made of Duran®- (borosilicate glass 3.3), with the 
PEEK™-fittings and with Teflon® used as sealing material. 
 


5 Physical Dimensions  


The ASL1600 housing is made of chemically inert PBT. For physical dimensions see Figure 5: 
 
Figure 5:            ASL1600-10                                              ASL1600-20 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 


6 Ordering Information 


For laboratory use and technology evaluation, the 
LabKit ASL1600 can be ordered. 
This laboratory-package contains  


- Liquid Flow Sensor ASL1600-10/20 
- UNF10-32 Fitting Material 
- PC Software (Viewer & Data Export Tool) 
- Data Cable RS232 
- A/C Adaptor (110…230 V, 50..60Hz)  


 


For OEM applications the sensor can be purchased in 
larger quantities without any additional parts. 
 


Product Article Number 


LabKit ASL1600-20 1-100421-01 


ASL1600-20 1-100423-01 


LabKit ASL1600-10 1-100422-01 


ASL1600-10 1-100420-01 


 


Table 8: Mechanical Specifications 


Parameter Conditions ASL1600-10 ASL1600-20 Units 


Fluid Connectors  UNF 10-32 2B  


Connected Fluid Capillary, Inner Diameter See Remark Below  ≥0.5 ≥0.8 mm 


1.6 1.6 mm 
Connected Fluid Capillary, Outer Diameter  


1/16 1/16 inch 


Internal Sensor Capillary, Inner Diameter  1.0 2.0 mm 


Total Mass  36 g 


      


Remark 


The inner diameter of the connected fluid capillary at the inlet of the ASL1600 must not be smaller than 
the specified value above. A smaller inner diameter may cause turbulences which influence the accuracy 
of the measurement. Make sure the capillary has been cut in the right way without squeezing. ! 


Positive Flow Direction 
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7 Important Notices 


7.1 Warning, personal injury 
Do not use this product as safety or emergency stop devices or in 
any other application where failure of the product could result in 
personal injury. Do not use this product for applications other than 
its intended and authorized use. Before installing, handling, using 
or servicing this product, please consult the data sheet and 
application notes. Failure to comply with these instructions could 
result in death or serious injury. 
If the Buyer shall purchase or use SENSIRION products for any 
unintended or unauthorized application, Buyer shall defend, indemnify 
and hold harmless SENSIRION and its officers, employees, 
subsidiaries, affiliates and distributors against all claims, costs, damages 
and expenses, and reasonable attorney fees arising out of, directly or 
indirectly, any claim of personal injury or death associated with such 
unintended or unauthorized use, even if SENSIRION shall be allegedly 
negligent with respect to the design or the manufacture of the product. 


7.2 ESD Precautions 
The inherent design of this component causes it to be sensitive to 
electrostatic discharge (ESD). To prevent ESD-induced damage and/or 
degradation, take customary and statutory ESD precautions when 
handling this product. 
See application note “ESD, Latchup and EMC” for more information. 


7.3 Warranty 
SENSIRION warrants solely to the original purchaser of this product for 
a period of 12 months (one year) from the date of delivery that this 
product shall be of the quality, material and workmanship defined in 
SENSIRION’s published specifications of the product. Within such 
period, if proven to be defective, SENSIRION shall repair and/or replace 
this product, in SENSIRION’s discretion, free of charge to the Buyer, 
provided that: 


• notice in writing describing the defects shall be given to 
SENSIRION within fourteen (14) days after their appearance;  


• such defects shall be found, to SENSIRION’s reasonable 
satisfaction, to have arisen from SENSIRION’s faulty design, 
material, or workmanship;  


• the defective product shall be returned to SENSIRION’s 
factory at the Buyer’s expense; and 


• the warranty period for any repaired or replaced product shall 
be limited to the unexpired portion of the original period. 


This warranty does not apply to any equipment which has not been 
installed and used within the specifications recommended by 
SENSIRION for the intended and proper use of the equipment. EXCEPT 
FOR THE WARRANTIES EXPRESSLY SET FORTH HEREIN, 
SENSIRION MAKES NO WARRANTIES, EITHER EXPRESS OR 
IMPLIED, WITH RESPECT TO THE PRODUCT. ANY AND ALL 
WARRANTIES, INCLUDING WITHOUT LIMITATION, WARRANTIES 
OF MERCHANTABILITY OR FITNESS FOR A PARTICULAR 
PURPOSE, ARE EXPRESSLY EXCLUDED AND DECLINED. 
SENSIRION is only liable for defects of this product arising under the 
conditions of operation provided for in the data sheet and proper use of 
the goods. SENSIRION explicitly disclaims all warranties, express or 
implied, for any period during which the goods are operated or stored 
not in accordance with the technical specifications. 
SENSIRION does not assume any liability arising out of any application 
or use of any product or circuit and specifically disclaims any and all 
liability, including without limitation consequential or incidental damages. 
All operating parameters, including without limitation recommended 
parameters, must be validated for each customer’s applications by 


customer’s technical experts. Recommended parameters can and do 
vary in different applications. 
SENSIRION reserves the right, without further notice, (i) to change the 
product specifications and/or the information in this document and (ii) to 
improve reliability, functions and design of this product. 
 
Copyright© 2001-2009, SENSIRION. 
CMOSens® is a trademark of Sensirion 
All rights reserved. 
 
PEEK™ is a trademark of Victrex PLC 
Teflon® is a registered trademark of DuPont Corporation 
Duran® is a trademark of the SCHOTT-Group 


7.4 FCC and CE Statement 
This product has been tested and found to comply with the limits for a 
Class B digital device, pursuant to part 15 of the FCC Rules (FCC CFR 
47). These limits are designed to provide reasonable protection against 
harmful interference in a residential installation. This equipment 
generates, uses and can radiate radio frequency energy and, if not 
installed and used in accordance with the instructions, may cause 
harmful interference to radio communications. However, there is no 
guarantee that interference will not occur in a particular installation. If 
this equipment does cause harmful interference to radio or television 
reception, which can be determined by turning the equipment off and on, 
the user is encouraged to try to correct the interference by one of more 
of the following measures: 
 


• Reorient or relocate the receiving antenna. 


• Increase the separation between the equipment and the 
receiver 


• Connect the equipment into an outlet on a circuit different 
from that to which the receiver is connected. 


• Consult a dealer or an experienced radio/TV technician for 
help. 


 
 
 
 
The devices fully comply with norm EN 50081-2 (Emission Test Series) 
as well as EN 50082-2 (Immunity Test Series).  


7.5 RoHS and WEEE Statement 
The ASL1600 product family complies with requirements of the following 
directives: 


• EU Directive 2002/96/EC on waste electrical and electronic 
equipment(WEEE), OJ13.02.2003; esp. its Article 6 (1) with 
Annex II. 


• EU Directive 2002/95/EC on the restriction of the use of 
certain hazardous substances in electrical and electronic 
equipment (RoHS), OJ 13.02.2003; esp. its Article 4. 
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Headquarter and Sales Office 


SENSIRION AG Phone: +41 44 306 40 00 
Laubisruetistr. 50 Fax: +41 44 306 40 30 
CH-8712 Staefa ZH info@sensirion.com   
Switzerland http://www.sensirion.com 


SENSIRION Korea Co. Ltd. Phone: +82-31-440-9925~27 
#1414, Anyang Construction Tower B/D, Fax: +82-31-440-9927 
1112-1, Bisan-dong, Anyang-city, info@sensirion.co.kr 
Gyeonggi-Province, South Korea http://www.sensirion.co.kr  


SENSIRION Inc. Phone: +1 805 409 4900 
Westlake Pl. Ctr. I, suite 204 Fax: +1 805 435 0467 
2801 Townsgate Road michael.karst@sensirion.com  
Westlake Village, CA  91361 http://www.sensirion.com  
USA 


SENSIRION China Co. Ltd.       Phone:    +86 755 8252 1501 
Room 2411, Main Tower  Fax:        +86 755 8252 1580 


Jin Zhong Huan Business Building,  info@sensirion.com.cn  
Futian District, Shenzhen, PR China http://www.sensirion.com.cn 
Postal Code 518048 


SENSIRION Japan Phone: +81 3-3444-4940 
Sensirion Japan Co. Ltd. Fax: +81 3-3444-4939 
Shinagawa Station Bldg. 7F info@sensirion.co.jp 
4-23-5 Takanawa http://www.sensirion.co.jp  
Minato-ku, Tokyo, Japan 


 


 
Find your local representative at: http://www.sensirion.com/reps  
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OEM-EP
Pressure Controllers


Measuring just 26mm x 27mm x 60mm, the OEM-EP (Electronic Pressure 
Control Unit) is the smallest electronic pressure controller available on the 
market, configured specifically for the analytical instrumentation and life  
science OEM markets. 


The OEM-EP can be configured to control pressure or flow and can replace 
manual regulators, flow controllers, and needle valves, providing integral 
closed loop proportional control for sensitive instrumentation applications.  
This product uses Parker Hannifin’s patented VSO® proportional valve, as well 
as the proven circuitry of its successful larger products. 


Valve Technology: 


Thermally compensated 
proportional valve


Media: 


Non-corrosive gases


Operating Environment:  


0 to 50°C (32 to 131°F)


Storage Temperature:  


-40 to 65°C (-40 to 131°F)


Length: 1.02 in (26 mm)


Width:  1.06 in (27 mm)


Height:   2.36 in (60 mm)


Porting:  10-32 female ports


•    Silent operation   •   Low power consumption


• High accuracy    •   Long life 


• “Set and Forget” closed loop control •   Analog control


Features


Physical Properties Electrical Performance Characteristics
Main Power: 


24 VDC + 10%


Input Control Signal:


0-5 VDC standard


Monitor Output Voltage: 


0-5 volts


Current Requirement:


<400 mA


Electrical Connector:


6 pin miniature interface  
cable included


Pressure Ranges: 


0-2 psig   0-15 psig
0-50 psig              0-100 psig


Pressure Accuracy:


+ 0.2% FS typical*
+ 1.5% FS max


Response: 


<15 msec
(Response time to target pressure 
is output volume dependent)


Linearity:


< +1.5% FS


*Contact factory for details.


Configurations


Miniature Pressure Controller


Custom configurations are available. Contact factory for details.


VSO is a registered trademark of Parker Hannifin Corporation.      
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   For more information call 1 .800.525.2857 or email ppfinfo�parker.com
          Visit www.parker.com/precisionfluidics


PPF-EPC-002/US Sept 2009


Dimensions


Ordering Information


  NOTE: Please consult Parker Precision Fluidics for other considerations. For more detailed information, visit us on 


 the Web, or call and refer to Performance Spec. #790-002247-001 and Drawing #890-003182-001.


       part number 
990-005101-002 990-005101-015 990-005101-100 990-005103-002 990-005103-015 990-005103-100


Family OEM-EP OEM-EP OEM-EP OEM-EP OEM-EP OEM-EP


Configuration 1 Standard Standard Standard Standard Standard Standard


Effective orifice 0.01 0.01 0.01 0.03 0.03 0.03


Power 24 vdc 24 vdc 24 vdc 24 vdc 24 vdc 24 vdc


Control Voltage 2 0-5 vdc 0-5 vdc 0-5 vdc 0-5 vdc 0-5 vdc 0-5 vdc


Pressure range 0 - 2 psig 0 - 15 psig 0 - 100 psig 0 - 2 psig 0 - 15 psig 0 - 100 psig


       part number
990-005123-015 990-005123-050 990-005123-100


Family OEM-EP OEM-EP OEM-EP


Configuration 1 Alternate Alternate Alternate


Effective orifice 0.03 0.03 0.03


Power 24 vdc 24 vdc 24 vdc


Control Voltage 2 0-5 vdc 0-5 vdc 0-5 vdc


Pressure range 0 - 15 psig 0 - 50 psig 0 - 100 psig


1 
Standard Configurations have a slight constant bleed to atmosphere to accurately control pressure and are typically used to pressurize closed volumes of


   inert gasses.  


   Alternate Configuration are typically selected for gas flow applications and do not have an internal bleed.


2 Control starts at approximately 10% of full scale control voltage and pressure rating allowing for positive shuttoff. 


   Pressure control may not be possible below 10% of full scale rating. 


OEM-EP Pressure Controllers


 ORDER
ONLINE








 


 


 
 


    GDM1602K                       SPECIFICATIONS OF  
 LCD MODULE 


 
 
Features  
1. 5x8 dots with cursor  
2. Built-in controller (KS0066U or equivalent) 
3. Easy interface with 4-bit or 8-bit MPU 
4. +5V power supply (also available for =3.0V) 
5. 1/16 duty cycle 
6. N.V. optional 
7. BKL to be driven by pin1, pin2, or pin15, pin16 or A, K 
 
Outline dimension  


  


LED BKL


Display Pattern


without BKL 
EL BKL/ or


 
 
Absolute maximum ratings 
 


Item Symbol Standard Unit 
Power voltage VDD-VSS 0 - 7.0 
Input voltage VIN VSS - VDD V 


Operating temperature range  VOP 0 - +50 
Storage temperature range  VST -20 - +60  


*Wide temperature range is available 
(operating/storage temperature as –20~+70/-30~+80 ) 
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Block diagram 


 
 
Interface pin description 
 


Pin no. Symbol External 
connection 


Function 


1 VSS Signal ground for LCM (GND) 
2 VDD Power supply for logic (+5V) for LCM 
3 V0 


Power supply 
Contrast adjust 


4 RS MPU Register select signal 
5 R/W MPU Read/write select signal 
6 E MPU Operation (data read/write) enable signal 


7~10 DB0~DB3 MPU 
Four low order bi-directional three-state data bus lines. 
Used for data transfer between the MPU and the LCM. 
These four are not used during 4-bit operation. 


11~14 DB4~DB7 MPU Four high order bi-directional three-state data bus lines. 
Used for data transfer between the MPU 


15 LED+ Power supply for BKL “A” (+4.2V) 
16 LED- 


LED BKL power 
supply Power supply for BKL “K” (GND) 


 
Contrast adjust     
 
 


 
 
VDD~V0: LCD Driving voltage 
VR: 10k~20k 
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Optical characteristics 
 


TN type display module (Ta=25 , VDD=5.0V) 
Item Symbol Condition Min. Typ. Max. Unit 


 -25 - - Viewing angle  
 


Cr 4 
-30 - 30 


deg 


Contrast ratio Cr  - 2 - - 
Response time (rise) Tr - - 120 150 
Response time (fall) Tr - - 120 150 ms 


 
STN type display module (Ta=25 , VDD=5.0V) 


Item Symbol Condition Min. Typ. Max. Unit 
 -60 - 35 Viewing angle  
 


Cr 2 
-40 - 40 


deg 


Contrast ratio Cr  - 6 - - 
Response time (rise) Tr - - 150 250 
Response time (fall) Tr - - 150 250 ms 


 
Electrical characteristics 
DC characteristics  


Parameter Symbol Conditions Min. Typ. Max. Unit 
Supply voltage for LCD VDD-V0 Ta =25  - 4.6 - 
Input voltage  VDD  4.7 - 5.5 


V 
 


Supply current IDD Ta=25 , VDD=5.0V - 1.5 2.5 mA 
Input leakage current ILKG  - - 1.0 uA 
“H” level input voltage VIH  2.2 - VDD 
“L” level input voltage VIL Twice initial value or less 0 - 0.6 
“H” level output voltage VOH LOH=-0.25mA 2.4 - - 
“L” level output voltage VOL LOH=1.6mA - - 0.4 
Backlight supply voltage VF  - 4.2 4.6 


V 


 
Read cycle (Ta=25 , VDD=5.0V) 


Parameter Symbol Test pin Min. Typ. Max. Unit 
Enable cycle time tc 500 - - 
Enable pulse width tw 300 - - 
Enable rise/fall time  tr, tf 


E 
- - 25 


RS; R/W setup time tsu 100 - - 
RS; R/W address hold time th 


RS; R/W 
RS; R/W 10 - - 


Read data output delay td 60 - 90 
Read data hold time tdh 


DB0~DB7 
20 - - 


ns 


 


Write cycle (Ta=25 , VDD=5.0V) 
Parameter Symbol Test pin Min. Typ. Max. Unit 


Enable cycle time tc 500 - - 
Enable pulse width tw 300 - - 
Enable rise/fall time  tr, tf 


E 
- - 25 


RS; R/W setup time tsu1 100 - - 
RS; R/W address hold time th1 


RS; R/W 
RS; R/W 10 - - 


Read data output delay tsu2 60 - - 
Read data hold time th2 


DB0~DB7 
10 - - 


ns 
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Write mode timing diagram 
 


 
 
Read mode timing diagram 
 


 
 


Instruction description 
 
Outline  
To overcome the speed difference between the internal clock of KS0066U and the MPU clock, KS0066U performs 
internal operations by storing control in formations to IR or DR. The internal operation is determined according to the 
signal from MPU, composed of read/write and data bus (Refer to Table7). 
Instructions can be divided largely into four groups: 


1) KS0066U function set instructions (set display methods, set data length, etc.) 
2) Address set instructions to internal RAM 
3) Data transfer instructions with internal RAM 
4) Others 


The address of the internal RAM is automatically increased or decreased by 1. 
 
Note: during internal operation, busy flag (DB7) is read “High”. 







GDM1602K 


V: A                                           5/9                                      2001/12/05 


Busy flag check must be preceded by the next instruction. 
 


Instruction Table  
Instruction code  


Instruction RS R/W DB7 DB6 DB5 DB4 DB3 DB2 DB1 DB0 Description 
Execution 


time (fosc= 
270 KHZ 


Clear 
Display  0 0 0 0 0 0 0 0 0 1 


Write “20H” to DDRA and set 
DDRAM address to “00H” from 
AC 


1.53ms 


Return 
Home  0 0 0 0 0 0 0 0 1 - 


Set DDRAM address to “00H” 
From AC and return cursor to 
Its original position if shifted. 
The contents of DDRAM are not 
changed. 


1.53ms 


Entry mode 
Set  


0 0 0 0 0 0 0 1 I/D SH 
Assign cursor moving direction 
And blinking of entire display 39us 


Display ON/ 
OFF control  0 0 0 0 0 0 1 D C B 


Set display (D), cursor (C), and  
Blinking of cursor (B) on/off 
Control bit. 


 


Cursor or 
Display shift 0 0 0 0 0 1 S/C R/L - - 


Set cursor moving and display 
Shift control bit, and the 
Direction, without changing of  
DDRAM data. 


39us 


Function set  0 0 0 0 1 DL N F - - 


Set interface data length (DL: 8- 
Bit/4-bit), numbers of display 
Line (N: =2-line/1-line) and,  
Display font type (F: 5x11/5x8) 


39us 


Set CGRAM 
Address 0 0 0 1 AC5 AC4 AC3 AC2 AC1 AC0 


Set CGRAM address in address 
Counter. 39us 


Set DDRAM 
Address  0 0 1 AC6 AC5 AC4 AC3 AC2 AC1 AC0 


Set DDRAM address in address 
Counter. 39us 


 Read busy 
Flag and 
Address 


0 1 BF AC6 AC5 AC4 AC3 AC2 AC1 AC0 


Whether during internal  
Operation or not can be known 
By reading BF. The contents of  
Address counter can also be read. 


0us 


Write data to 
Address 1 0 D7 D6 D5 D4 D3 D2 D1 D0 


Write data into internal RAM 
(DDRAM/CGRAM). 43us 


Read data 
From RAM  1 1 D7 D6 D5 D4 D3 D2 D1 D0 


Read data from internal RAM 
(DDRAM/CGRAM). 43us 


 
NOTE:  


When an MPU program with checking the busy flag (DB7) is made, it must be necessary 1/2fosc is 
necessary for executing the next instruction by the falling edge of the “E” signal after the busy flag (DB7) 
goes to “Low”. 


 
Contents  


1) Clear display 
 


RS R/W DB7 DB6 DB5 DB4 DB3 DB2 DB1 DB0 
0 0 0 0 0 0 0 0 0 1 


 
Clear all the display data by writing “20H” (space code) to all DDRAM address, and set DDRAM 


address to “00H” into AC (address counter). 
Return cursor to the original status, namely, bring the cursor to the left edge on the fist line of the 


display. 
Make the entry mode increment (I/D=“High”). 
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2) Return home 
  


RS R/W DB7 DB6 DB5 DB4 DB3 DB2 DB1 DB0 
0 0 0 0 0 0 0 0 1 - 


 
Return home is cursor return home instruction. 
Set DDRAM address to “00H” into the address counter. 
Return cursor to its original site and return display to its original status, if shifted. 
Contents of DDRAM does not change. 


 
3) Entry mode set 
 


RS R/W DB7 DB6 DB5 DB4 DB3 DB2 DB1 DB0 
0 0 0 0 0 0 0 0 I/D SH 


 
Set the moving direction of cursor and display. 
 


I/D: increment / decrement of DDRAM address (cursor or blink) 
When I/D=“high”, cursor/blink moves to right and DDRAM address is increased by 1. 
When I/D=“Low”, cursor/blink moves to left and DDRAM address is increased by 1. 
*CGRAM operates the same way as DDRAM, when reading from or writing to CGRAM. 
    SH: shift of entire display 
When DDRAM read (CGRAM read/write) operation or SH=“Low”, shifting of entire display is not 
performed. If SH =“High” and DDRAM write operation, shift of entire display is performed according to 
I/D value. (I/D=“high”. shift left, I/D=“Low”. Shift right). 
 


4) Display ON/OFF control 
 


RS R/W DB7 DB6 DB5 DB4 DB3 DB2 DB1 DB0 
0 0 0 0 0 0 1 D C B 


 
Control display/cursor/blink ON/OFF 1 bit register. 
 


D: Display ON/OFF control bit 
When D=“High”, entire display is turned on. 
When D=“Low”, display is turned off, but display data remains in DDRAM. 
 


C: cursor ON/OFF control bit 
When D=“High”, cursor is turned on. 
When D=“Low”, cursor is disappeared in current display, but I/D register preserves its data. 
 


B: Cursor blink ON/OFF control bit  
When B=“High”, cursor blink is on, which performs alternately between all the “High” data and display 
characters at the cursor position. 
When B=“Low”, blink is off. 
 


5) Cursor or display shift  
 


RS R/W DB7 DB6 DB5 DB4 DB3 DB2 DB1 DB0 
0 0 0 0 0 1 S/C R/L - - 
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Shifting of right/left cursor position or display without writing or reading of display data. 
This instruction is used to correct or search display data. 
During 2-line mode display, cursor moves to the 2nd line after the 40th digit of the 1st line. 
Note that display shift is performed simultaneously in all the lines.   
When display data is shifted repeatedly, each line is shifted individually. 
When display shift is performed, the contents of the address counter are not changed. 
 
Shift patterns according to S/C and R/L bits 
 


S/C R/L Operation 
0 0 Shift cursor to the left, AC is decreased by 1 
0 1 Shift cursor to the right, AC is increased by 1  
1 0 Shift all the display to the left, cursor moves according to the display 
1 1 Shift all the display to the right, cursor moves according to the display 


 
6) Function set 


 
RS R/W DB7 DB6 DB5 DB4 DB3 DB2 DB1 DB0 
0 0 0 0 1 DL N F - - 


 
DL: Interface data length control bit 


When DL=“High”, it means 8-bit bus mode with MPU. 
When DL=“Low”, it means 4-bit bus mode with MPU. Hence, DL is a signal to select 8-bit or 4-bit bus 
mode. 
When 4-but bus mode, it needs to transfer 4-bit data twice. 
 


N: Display line number control bit 
When N=“Low”, 1-line display mode is set. 
When N=“High”, 2-line display mode is set. 
 


F: Display line number control bit  
When F=“Low”, 5x8 dots format display mode is set. 
When F=“High”, 5x11 dots format display mode. 
 


7) Set CGRAM address 
 


RS R/W DB7 DB6 DB5 DB4 DB3 DB2 DB1 DB0 
0 0 0 1 AC5 AC4 AC3 AC2 AC1 AC0 


 
Set CGRAM address to AC. 
The instruction makes CGRAM data available from MPU. 
 


8) Set DDRAM address 
 


RS R/W DB7 DB6 DB5 DB4 DB3 DB2 DB1 DB0 
0 0 1 AC6 AC5 AC4 AC3 AC2 AC1 AC0 


 
Set DDRAM address to AC. 
This instruction makes DDRAM data available form MPU. 
When 1- line display mode (N=LOW), DDRAM address is form “00H” to “4FH”.In 2-line display mode 
(N=High), DDRAM address in the 1st line form “00H” to “27H”, and DDRAM address in the 2nd line is 
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from “40H” to “67H”. 
 


9) Read busy flag & address 
   


RS R/W DB7 DB6 DB5 DB4 DB3 DB2 DB1 DB0 
0 1 BF AC6 AC5 AC4 AC3 AC2 AC1 AC0 


 
This instruction shows whether KS0066U is in internal operation or not. 
If the resultant BF is “High”, internal operation is in progress and should wait BF is to be LOW, which by 
then the nest instruction can be performed. In this instruction you can also read the value of the address 
counter. 
 


10) Write data to RAM 
 


RS R/W DB7 DB6 DB5 DB4 DB3 DB2 DB1 DB0 
1 0 D7 D6 D5 D4 D3 D2 D1 D0 


  
Write binary 8-bit data to DDRAM/CGRAM. 
The selection of RAM from DDRAM, and CGRAM, is set by the previous address set instruction 
(DDRAM address set, CGRAM address set). 
RAM set instruction can also determine the AC direction to RAM. 
After write operation. The address is automatically increased/decreased by 1, according to the entry 
mode. 
 


11) Read data from RAM 
 


RS R/W DB7 DB6 DB5 DB4 DB3 DB2 DB1 DB0 
1 1 D7 D6 D5 D4 D3 D2 D1 D0 


  
Read binary 8-bit data from DDRAM/CGRAM. 


The selection of RAM is set by the previous address set instruction. If the address set instruction of 
RAM is not performed before this instruction, the data that has been read first is invalid, as the direction 
of AC is not yet determined. If RAM data is read several times without RAM address instructions set 
before, read operation, the correct RAM data can be obtained from the second. But the first data would be 
incorrect, as there is no time margin to transfer RAM data. 


In case of DDRAM read operation, cursor shift instruction plays the same role as DDRAM address 
set instruction, it also transfers RAM data to output data register. 


After read operation, address counter is automatically increased/decreased by 1 according to the 
entry mode. 


After CGRAM read operation, display shift may not be executed correctly.  
 
NOTE: In case of RAM write operation, AC is increased/decreased by 1 as in read operation. 
      At this time, AC indicates next address position, but only the previous data can be read by the read 
instruction. 
  
Display character address code: 


                                                    
Display position 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 
DDRAM  address 00 01 02 03 04 05 06 07 08 09 0A 0B 0C 0D 0E 0F 
DDRAM  address 40 41 42 43 44 45 46 47 48 49 4A 4B 4C 4D 4E 4F 
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Standard character pattern 


 








LM
78XX/LM


78XXA
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 3-Term
inal 1A


 Positive Voltage R
egulator


© 2010 Fairchild Semiconductor Corporation   www.fairchildsemi.com
LM78XX/LM78XXA Rev. 1.0 1 


April 2010


LM78XX/LM78XXA
3-Terminal 1A Positive Voltage Regulator
Features
• Output Current up to 1A
• Output Voltages of 5, 6, 8, 9, 10, 12, 15, 18, 24
• Thermal Overload Protection
• Short Circuit Protection
• Output Transistor Safe Operating Area Protection


Ordering Information  
Product Number Output Voltage Tolerance Package Operating Temperature


LM7805CT ±4% TO-220 -40°C to +125°C
LM7806CT
LM7808CT
LM7809CT
LM7810CT
LM7812CT
LM7815CT
LM7818CT
LM7824CT


LM7805ACT ±2% 0°C to +125°C
LM7806ACT
LM7808ACT
LM7809ACT
LM7810ACT
LM7812ACT
LM7815ACT
LM7818ACT
LM7824ACT


General Description
The LM78XX series of three terminal positive regulators
are available in the TO-220 package and with several
fixed output voltages, making them useful in a wide
range of applications. Each type employs internal current
limiting, thermal shut down and safe operating area pro-
tection, making it essentially indestructible. If adequate
heat sinking is provided, they can deliver over 1A output
current. Although designed primarily as fixed voltage
regulators, these devices can be used with external com-
ponents to obtain adjustable voltages and currents.
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Block Diagram


 


Figure 1. 


 


Pin Assignment


 


Figure 2. 


 


Absolute Maximum Ratings


 


Absolute maximum ratings are those values beyond which damage to the device may occur. The datasheet 
specifications should be met, without exception, to ensure that the system design is reliable over its power supply, 
temperature, and output/input loading variables. Fairchild does not recommend operation outside datasheet 
specifications.


 


Symbol Parameter Value Unit


 


V


 


I


 


Input Voltage V


 


O


 


 = 5V to 18V 35 V


V


 


O


 


 = 24V 40 V


R


 


θ


 


JC


 


Thermal Resistance Junction-Cases (TO-220) 5 °C/W


R


 


θ


 


JA


 


Thermal Resistance Junction-Air (TO-220) 65 °C/W


T


 


OPR


 


Operating Temperature 
Range 


LM78xx -40 to +125 °C


LM78xxA 0 to +125


T


 


STG


 


Storage Temperature Range -65 to +150 °C


Starting
Circuit


Input


1


Reference
Voltage


Current
Generator


SOA
Protection


Thermal
Protection


Series Pass
Element


Error
Amplifier


Output


3


GND


2


1
1. Input
2. GND
3. Output


GND


TO-220
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Electrical Characteristics (LM7805)


 


Refer to the test circuits. -40°C 


 


<


 


 T


 


J


 


 


 


<


 


 125°C, I


 


O


 


 = 500mA, V


 


I


 


 = 10V, C


 


I


 


 = 0.1


 


µ


 


F, unless otherwise specified.


 


Notes:


 


1. Load and line regulation are specified at constant junction temperature. Changes in V


 


O


 


 due to heating effects must
be taken into account separately. Pulse testing with low duty is used.


2. These parameters, although guaranteed, are not 100% tested in production.


 


Symbol Parameter Conditions Min. Typ. Max. Unit


 


V


 


O


 


Output Voltage T


 


J


 


 = +25°C 4.8 5.0 5.2 V


5mA 


 


≤


 


 I


 


O


 


 


 


≤


 


 1A, P


 


O


 


 


 


≤


 


 15W, 
V


 


I


 


 = 7V to 20V
4.75 5.0 5.25


Regline Line Regulation


 


(1)


 


T


 


J


 


 = +25°C V


 


O


 


 = 7V to 25V – 4.0 100 mV


V


 


I


 


 = 8V to 12V – 1.6 50.0


Regload Load Regulation


 


(1)


 


 T


 


J


 


 = +25°C I


 


O


 


 = 5mA to 1.5A – 9.0 100 mV


I


 


O


 


 = 250mA to 750mA – 4.0 50.0


I


 


Q


 


Quiescent Current T


 


J


 


 = +25°C – 5.0 8.0 mA


 


∆


 


I


 


Q


 


Quiescent Current Change I


 


O


 


 = 5mA to 1A – 0.03 0.5 mA


V


 


I


 


 = 7V to 25V – 0.3 1.3


 


∆


 


V


 


O


 


/


 


∆


 


T Output Voltage Drift


 


(2)


 


I


 


O


 


 = 5mA – -0.8 – mV/°C


V


 


N


 


Output Noise Voltage f = 10Hz to 100kHz, T


 


A


 


 = +25°C – 42.0 –


 


µ


 


V/V


 


O


 


RR Ripple Rejection


 


(2)


 


f = 120Hz, V


 


O


 


 = 8V to 18V 62.0 73.0 – dB


V


 


DROP


 


Dropout Voltage I


 


O


 


 = 1A, T


 


J


 


 = +25°C – 2.0 – V


r


 


O


 


Output Resistance


 


(2)


 


f = 1kHz – 15.0 – m


 


Ω


 


I


 


SC


 


Short Circuit Current V


 


I


 


 = 35V, T


 


A


 


 = +25°C – 230 – mA


I


 


PK


 


Peak Current


 


(2)


 


T


 


J


 


 = +25°C – 2.2 – A
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Electrical Characteristics (LM7806) 


 


(Continued)
Refer to the test circuits. -40°C 


 


<


 


 T


 


J


 


 


 


<


 


 125°C, I


 


O


 


 = 500mA, V


 


I


 


 = 11V, C


 


I


 


 = 0.33


 


µ


 


F, C


 


O


 


 = 0.1


 


µ


 


F, unless otherwise specified.


 


Notes:


 


3. Load and line regulation are specified at constant junction temperature. Changes in V


 


O


 


 due to heating effects must
be taken into account separately. Pulse testing with low duty is used.


4. These parameters, although guaranteed, are not 100% tested in production.


 


Symbol Parameter Conditions Min Typ. Max. Unit


 


V


 


O


 


Output Voltage T


 


J


 


 = +25°C 5.75 6.0 6.25 V


5mA 


 


≤


 


 I


 


O


 


 


 


≤


 


 1A, P


 


O


 


 


 


≤


 


 15W, 
V


 


I


 


 = 8.0V to 21V
5.7 6.0 6.3


Regline Line Regulation


 


(3)


 


T


 


J


 


 = +25°C V


 


I


 


 = 8V to 25V – 5.0 120 mV


V


 


I


 


 = 9V to 13V – 1.5 60.0


Regload Load Regulation


 


(3)


 


T


 


J


 


 = +25°C I


 


O


 


 = 5mA to 1.5A – 9.0 120 mV


I


 


O


 


 = 250mA to 750mA – 3.0 60.0


I


 


Q


 


Quiescent Current T


 


J


 


 = +25°C – 5.0 8.0 mA


 


∆


 


I


 


Q


 


Quiescent Current 
Change


I


 


O


 


 = 5mA to 1A – – 0.5 mA


V


 


I


 


 = 8V to 25V – – 1.3


 


∆


 


V


 


O


 


/


 


∆


 


T Output Voltage Drift


 


(4)


 


I


 


O


 


 = 5mA – -0.8 – mV/°C


V


 


N


 


Output Noise Voltage f = 10Hz to 100kHz, T


 


A


 


 = +25°C – 45.0 –


 


µ


 


V/V


 


O


 


RR Ripple Rejection


 


(4)


 


f = 120Hz, V


 


O


 


 = 8V to 18V 62.0 73.0 – dB


VDROP Dropout Voltage IO = 1A, TJ = +25°C – 2.0 – V


rO Output Resistance(4) f = 1kHz – 19.0 – mΩ


ISC Short Circuit Current VI = 35V, TA = +25°C – 250 – mA


IPK Peak Current(4) TJ = +25°C – 2.2 – A
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Electrical Characteristics (LM7808) (Continued)
Refer to the test circuits. -40°C < TJ < 125°C, IO = 500mA, VI = 14V, CI = 0.33µF, CO = 0.1µF, unless otherwise specified.


Notes:
5. Load and line regulation are specified at constant junction temperature. Changes in VO due to heating effects must


be taken into account separately. Pulse testing with low duty is used.
6. These parameters, although guaranteed, are not 100% tested in production.


Symbol Parameter Conditions Min. Typ. Max. Unit


VO Output Voltage TJ = +25°C 7.7 8.0 8.3 V


5mA ≤ IO ≤ 1A, PO ≤ 15W, 
VI = 10.5V to 23V


7.6 8.0 8.4


Regline Line Regulation(5) TJ = +25°C VI = 10.5V to 25V – 5.0 160 mV


VI = 11.5V to 17V – 2.0 80.0


Regload Load Regulation(5) TJ = +25°C IO = 5mA to 1.5A – 10.0 160 mV


IO = 250mA to 750mA – 5.0 80.0


IQ Quiescent Current TJ = +25°C – 5.0 8.0 mA


∆IQ Quiescent Current Change IO = 5mA to 1A – 0.05 0.5 mA


VI = 10.5V to 25V – 0.5 1.0


∆VO/∆T Output Voltage Drift(6) IO = 5mA – -0.8 – mV/°C


VN Output Noise Voltage f = 10Hz to 100kHz, TA = +25°C – 52.0 – µV/VO


RR Ripple Rejection(6) f = 120Hz, VO = 11.5V to 21.5V 56.0 73.0 – dB


VDROP Dropout Voltage IO = 1A, TJ = +25°C – 2.0 – V


rO Output Resistance(6) f = 1kHz – 17.0 – mΩ


ISC Short Circuit Current VI = 35V, TA = +25°C – 230 – mA


IPK Peak Current(6) TJ = +25°C – 2.2 – A
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Electrical Characteristics (LM7809) (Continued)
Refer to the test circuits. -40°C < TJ < 125°C, IO = 500mA, VI = 15V, CI = 0.33µF, CO = 0.1µF, unless otherwise specified.


Notes:
7. Load and line regulation are specified at constant junction temperature. Changes in VO due to heating effects must


be taken into account separately. Pulse testing with low duty is used.
8. These parameters, although guaranteed, are not 100% tested in production.


Symbol Parameter Conditions Min. Typ. Max. Unit


VO Output Voltage TJ = +25°C 8.65 9.0 9.35 V


5mA ≤ IO ≤ 1A, PO ≤ 15W, 
VI = 11.5V to 24V


8.6 9.0 9.4


Regline Line Regulation(7) TJ = +25°C VI = 11.5V to 25V – 6.0 180 mV


VI = 12V to 17V – 2.0 90.0


Regload Load Regulation(7) TJ = +25°C IO = 5mA to 1.5A – 12.0 180 mV


IO = 250mA to 750mA – 4.0 90.0


IQ Quiescent Current TJ = +25°C – 5.0 8.0 mA


∆IQ Quiescent Current Change IO = 5mA to 1A – – 0.5 mA


VI = 11.5V to 26V – – 1.3


∆VO/∆T Output Voltage Drift(8) IO = 5mA – -1.0 – mV/°C


VN Output Noise Voltage f = 10Hz to 100kHz, TA = +25°C – 58.0 – µV/VO


RR Ripple Rejection(8) f = 120Hz, VO = 13V to 23V 56.0 71.0 – dB


VDROP Dropout Voltage IO = 1A, TJ = +25°C – 2.0 – V


rO Output Resistance(8) f = 1kHz – 17.0 – mΩ


ISC Short Circuit Current VI = 35V, TA = +25°C – 250 – mA


IPK Peak Current(8) TJ = +25°C – 2.2 – A
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Electrical Characteristics (LM7810) (Continued)
Refer to the test circuits. -40°C < TJ < 125°C, IO = 500mA, VI = 16V, CI = 0.33µF, CO = 0.1µF, unless otherwise specified.


Notes:
9. Load and line regulation are specified at constant junction temperature. Changes in VO due to heating effects must


be taken into account separately. Pulse testing with low duty is used.
10. These parameters, although guaranteed, are not 100% tested in production.


Symbol Parameter Conditions Min. Typ. Max. Unit


VO Output Voltage TJ = +25°C 9.6 10.0 10.4 V


5mA ≤ IO ≤ 1A, PO ≤ 15W, 
VI = 12.5V to 25V


9.5 10.0 10.5


Regline Line Regulation(9) TJ = +25°C VI = 12.5V to 25V – 10.0 200 mV


VI = 13V to 25V – 3.0 100


Regload Load Regulation(9) TJ = +25°C IO = 5mA to 1.5A – 12.0 200 mV


IO = 250mA to 750mA – 4.0 400


IQ Quiescent Current TJ = +25°C – 5.1 8.0 mA


∆IQ Quiescent Current Change IO = 5mA to 1A – – 0.5 mA


VI = 12.5V to 29V – – 1.0


∆VO/∆T Output Voltage Drift(10) IO = 5mA – -1.0 – mV/°C


VN Output Noise Voltage f = 10Hz to 100kHz, TA = +25°C – 58.0 – µV/VO


RR Ripple Rejection(10) f = 120Hz, VO = 13V to 23V 56.0 71.0 – dB


VDROP Dropout Voltage IO = 1A, TJ = +25°C – 2.0 – V


rO Output Resistance(10) f = 1kHz – 17.0 – mΩ


ISC Short Circuit Current VI = 35V, TA = +25°C – 250 – mA


IPK Peak Current(10) TJ = +25°C – 2.2 – A
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Electrical Characteristics (LM7812) (Continued)
Refer to the test circuits. -40°C < TJ < 125°C, IO = 500mA, VI = 19V, CI = 0.33µF, CO = 0.1µF, unless otherwise specified.


Notes:
11. Load and line regulation are specified at constant junction temperature. Changes in VO due to heating effects must


be taken into account separately. Pulse testing with low duty is used.
12. These parameters, although guaranteed, are not 100% tested in production.


Symbol Parameter Conditions Min. Typ. Max. Unit


VO Output Voltage TJ = +25°C 11.5 12.0 12.5 V


5mA ≤ IO ≤ 1A, PO ≤ 15W, 
VI = 14.5V to 27V


11.4 12.0 12.6


Regline Line Regulation(11) TJ = +25°C VI = 14.5V to 30V – 10.0 240 mV


VI = 16V to 22V – 3.0 120


Regload Load Regulation(11) TJ = +25°C IO = 5mA to 1.5A – 11.0 240 mV


IO = 250mA to 750mA – 5.0 120


IQ Quiescent Current TJ = +25°C – 5.1 8.0 mA


∆IQ Quiescent Current Change IO = 5mA to 1A – 0.1 0.5 mA


VI = 14.5V to 30V – 0.5 1.0


∆VO/∆T Output Voltage Drift(12) IO = 5mA – -1.0 – mV/°C


VN Output Noise Voltage f = 10Hz to 100kHz, TA = +25°C – 76.0 – µV/VO


RR Ripple Rejection(12) f = 120Hz, VI = 15V to 25V 55.0 71.0 – dB


VDROP Dropout Voltage IO = 1A, TJ = +25°C – 2.0 – V


rO Output Resistance(12) f = 1kHz – 18.0 – mΩ


ISC Short Circuit Current VI = 35V, TA = +25°C – 230 – mA


IPK Peak Current(12) TJ = +25°C – 2.2 – A
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Electrical Characteristics (LM7815) (Continued)
Refer to the test circuits. -40°C < TJ < 125°C, IO = 500mA, VI = 23V, CI = 0.33µF, CO = 0.1µF, unless otherwise specified.


Notes:
13. Load and line regulation are specified at constant junction temperature. Changes in VO due to heating effects must


be taken into account separately. Pulse testing with low duty is used.
14. These parameters, although guaranteed, are not 100% tested in production.


Symbol Parameter Conditions Min. Typ. Max. Unit


VO Output Voltage TJ = +25°C 14.4 15.0 15.6 V


5mA ≤ IO ≤ 1A, PO ≤ 15W, 
VI = 17.5V to 30V


14.25 15.0 15.75


Regline Line Regulation(13) TJ = +25°C VI = 17.5V to 30V – 11.0 300 mV


VI = 20V to 26V – 3.0 150


Regload Load Regulation(13) TJ = +25°C IO = 5mA to 1.5A – 12.0 300 mV


IO = 250mA to 750mA – 4.0 150


IQ Quiescent Current TJ = +25°C – 5.2 8.0 mA


∆IQ Quiescent Current Change IO = 5mA to 1A – – 0.5 mA


VI = 17.5V to 30V – – 1.0


∆VO/∆T Output Voltage Drift(14) IO = 5mA – -1.0 – mV/°C


VN Output Noise Voltage f = 10Hz to 100kHz, TA = +25°C – 90.0 – µV/VO


RR Ripple Rejection(14) f = 120Hz, VI = 18.5V to 28.5V 54.0 70.0 – dB


VDROP Dropout Voltage IO = 1A, TJ = +25°C – 2.0 – V


rO Output Resistance(14) f = 1kHz – 19.0 – mΩ


ISC Short Circuit Current VI = 35V, TA = +25°C – 250 – mA


IPK Peak Current(14) TJ = +25°C – 2.2 – A
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Electrical Characteristics (LM7818) (Continued)
Refer to the test circuits. -40°C < TJ < 125°C, IO = 500mA, VI = 27V, CI = 0.33µF, CO = 0.1µF, unless otherwise specified.


Notes:
15. Load and line regulation are specified at constant junction temperature. Changes in VO due to heating effects must


be taken into account separately. Pulse testing with low duty is used.
16. These parameters, although guaranteed, are not 100% tested in production.


Symbol Parameter Conditions Min. Typ. Max. Unit


VO Output Voltage TJ = +25°C 17.3 18.0 18.7 V


5mA ≤ IO ≤ 1A, PO ≤ 15W, 
VI = 21V to 33V


17.1 18.0 18.9


Regline Line Regulation(15) TJ = +25°C VI = 21V to 33V – 15.0 360 mV


VI = 24V to 30V – 5.0 180


Regload Load Regulation(15) TJ = +25°C IO = 5mA to 1.5A – 15.0 360 mV


IO = 250mA to 750mA – 5.0 180


IQ Quiescent Current TJ = +25°C – 5.2 8.0 mA


∆IQ Quiescent Current Change IO = 5mA to 1A – – 0.5 mA


VI = 21V to 33V – – 1.0


∆VO/∆T Output Voltage Drift(16) IO = 5mA – -1.0 – mV/°C


VN Output Noise Voltage f = 10Hz to 100kHz, TA = +25°C – 110 – µV/VO


RR Ripple Rejection(16) f = 120Hz, VI = 22V to 32V 53.0 69.0 – dB


VDROP Dropout Voltage IO = 1A, TJ = +25°C – 2.0 – V


rO Output Resistance(16) f = 1kHz – 22.0 – mΩ


ISC Short Circuit Current VI = 35V, TA = +25°C – 250 – mA


IPK Peak Current(16) TJ = +25°C – 2.2 – A
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Electrical Characteristics (LM7824) (Continued)
Refer to the test circuits. -40°C < TJ < 125°C, IO = 500mA, VI = 33V, CI = 0.33µF, CO = 0.1µF, unless otherwise specified.


Notes:
17. Load and line regulation are specified at constant junction temperature. Changes in VO due to heating effects must


be taken into account separately. Pulse testing with low duty is used.
18. These parameters, although guaranteed, are not 100% tested in production.


Symbol Parameter Conditions Min. Typ. Max. Unit


VO Output Voltage TJ = +25°C 23.0 24.0 25.0 V


5mA ≤ IO ≤ 1A, PO ≤ 15W, 
VI = 27V to 38V


22.8 24.0 25.25


Regline Line Regulation(17) TJ = +25°C VI = 27V to 38V – 17.0 480 mV


VI = 30V to 36V – 6.0 240


Regload Load Regulation(17) TJ = +25°C IO = 5mA to 1.5A – 15.0 480 mV


IO = 250mA to 750mA – 5.0 240


IQ Quiescent Current TJ = +25°C – 5.2 8.0 mA


∆IQ Quiescent Current Change IO = 5mA to 1A – 0.1 0.5 mA


VI = 27V to 38V – 0.5 1.0


∆VO/∆T Output Voltage Drift(18) IO = 5mA – -1.5 – mV/°C


VN Output Noise Voltage f = 10Hz to 100kHz, TA = +25°C – 60.0 – µV/VO


RR Ripple Rejection(18) f = 120Hz, VI = 28V to 38V 50.0 67.0 – dB


VDROP Dropout Voltage IO = 1A, TJ = +25°C – 2.0 – V


rO Output Resistance(18) f = 1kHz – 28.0 – mΩ


ISC Short Circuit Current VI = 35V, TA = +25°C – 230 – mA


IPK Peak Current(18) TJ = +25°C – 2.2 – A
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Electrical Characteristics (LM7805A) (Continued)
Refer to the test circuits. 0°C < TJ < 125°C, IO = 1A, VI = 10V, CI = 0.33µF, CO = 0.1µF, unless otherwise specified.


Notes:
19. Load and line regulation are specified at constant junction temperature. Changes in VO due to heating effects must


be taken into account separately. Pulse testing with low duty is used.
20. These parameters, although guaranteed, are not 100% tested in production.


Symbol Parameter Conditions Min. Typ. Max. Unit


VO Output Voltage TJ = +25°C 4.9 5.0 5.1 V


IO = 5mA to 1A, PO ≤ 15W, 
VI = 7.5V to 20V


4.8 5.0 5.2


Regline Line Regulation(19) VI = 7.5V to 25V, IO = 500mA – 5.0 50.0 mV


VI = 8V to 12V – 3.0 50.0


TJ = +25°C VI = 7.3V to 20V – 5.0 50.0


VI = 8V to 12V – 1.5 25.0


Regload Load Regulation(19) TJ = +25°C, IO = 5mA to 1.5A – 9.0 100 mV


IO = 5mA to 1A – 9.0 100


IO = 250mA to 750mA – 4.0 50.0


IQ Quiescent Current TJ = +25°C – 5.0 6.0 mA


∆IQ Quiescent Current 
Change


IO = 5mA to 1A – – 0.5 mA


VI = 8V to 25V, IO = 500mA – – 0.8


VI = 7.5V to 20V, TJ = +25°C – – 0.8


∆VO/∆T Output Voltage Drift(20) IO = 5mA – -0.8 – mV/°C


VN Output Noise Voltage f = 10Hz to 100kHz, TA = +25°C – 10.0 – µV/VO


RR Ripple Rejection(20) f = 120Hz, IO = 500mA, VI = 8V to 18V – 68.0 – dB


VDROP Dropout Voltage IO = 1A, TJ = +25°C – 2.0 – V


rO Output Resistance(20) f = 1kHz – 17.0 – mΩ


ISC Short Circuit Current VI = 35V, TA = +25°C – 250 – mA


IPK Peak Current(20) TJ = +25°C – 2.2 – A
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Electrical Characteristics (LM7806A) (Continued)
Refer to the test circuits. 0°C < TJ < 125°C, IO = 1A, VI = 11V, CI = 0.33µF, CO = 0.1µF, unless otherwise specified.


Notes:
21. Load and line regulation are specified at constant junction temperature. Changes in VO due to heating effects must


be taken into account separately. Pulse testing with low duty is used.
22. These parameters, although guaranteed, are not 100% tested in production.


Symbol Parameter Conditions Min. Typ. Max. Unit


VO Output Voltage TJ = +25°C 5.58 6.0 6.12 V


IO = 5mA to 1A, PO ≤ 15W, 
VI = 8.6V to 21V


5.76 6.0 6.24


Regline Line Regulation(21) VI = 8.6V to 25V, IO = 500mA – 5.0 60.0 mV


VI = 9V to 13V – 3.0 60.0


TJ = +25°C VI = 8.3V to 21V – 5.0 60.0


VI = 9V to 13V – 1.5 30.0


Regload Load Regulation(21) TJ = +25°C, IO = 5mA to 1.5A – 9.0 100 mV


IO = 5mA to 1A – 9.0 100


IO = 250mA to 750mA – 5.0 50.0


IQ Quiescent Current TJ = +25°C – 4.3 6.0 mA


∆IQ Quiescent Current Change IO = 5mA to 1A – – 0.5 mA


VI = 19V to 25V, IO = 500mA – – 0.8


VI = 8.5V to 21V, TJ = +25°C – – 0.8


∆VO/∆T Output Voltage Drift(22) IO = 5mA – -0.8 – mV/°C


VN Output Noise Voltage f = 10Hz to 100kHz, TA = +25°C – 10.0 – µV/VO


RR Ripple Rejection(22) f = 120Hz, IO = 500mA, VI = 9V to 19V – 65.0 – dB


VDROP Dropout Voltage IO = 1A, TJ = +25°C – 2.0 – V


rO Output Resistance(22) f = 1kHz – 17.0 – mΩ


ISC Short Circuit Current VI = 35V, TA = +25°C – 250 – mA


IPK Peak Current(22) TJ = +25°C – 2.2 – A
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Electrical Characteristics (LM7808A) (Continued)
Refer to the test circuits. 0°C < TJ < 125°C, IO = 1A, VI = 14V, CI = 0.33µF, CO = 0.1µF, unless otherwise specified.


Notes:
23. Load and line regulation are specified at constant junction temperature. Changes in VO due to heating effects must


be taken into account separately. Pulse testing with low duty is used.
24. These parameters, although guaranteed, are not 100% tested in production.


Symbol Parameter Conditions Min. Typ. Max. Unit


VO Output Voltage TJ = +25°C 7.84 8.0 8.16 V


IO = 5mA to 1A, PO ≤ 15W, 
VI = 10.6V to 23V


7.7 8.0 8.3


Regline Line Regulation(23) VI = 10.6V to 25V, IO = 500mA – 6.0 80.0 mV


VI = 11V to 17V – 3.0 80.0


TJ = +25°C VI = 10.4V to 23V – 6.0 80.0


VI = 11V to 17V – 2.0 40.0


Regload Load Regulation(23) TJ = +25°C, IO = 5mA to 1.5A – 12.0 100 mV


IO = 5mA to 1A – 12.0 100


IO = 250mA to 750mA – 5.0 50.0


IQ Quiescent Current TJ = +25°C – 5.0 6.0 mA


∆IQ Quiescent Current Change IO = 5mA to 1A – – 0.5 mA


VI = 11V to 25V, IO = 500mA – – 0.8


VI = 10.6V to 23V, TJ = +25°C – – 0.8


∆VO/∆T Output Voltage Drift(24) IO = 5mA – -0.8 – mV/°C


VN Output Noise Voltage f = 10Hz to 100kHz, TA = +25°C – 10.0 – µV/VO


RR Ripple Rejection(24) f = 120Hz, IO = 500mA, 
VI = 11.5V to 21.5V


– 62.0 – dB


VDROP Dropout Voltage IO = 1A, TJ = +25°C – 2.0 – V


rO Output Resistance(24) f = 1kHz – 18.0 – mΩ


ISC Short Circuit Current VI = 35V, TA = +25°C – 250 – mA


IPK Peak Current(24) TJ = +25°C – 2.2 – A
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Electrical Characteristics (LM7809A) (Continued)
Refer to the test circuits. 0°C < TJ < 125°C, IO = 1A, VI = 15V, CI = 0.33µF, CO = 0.1µF, unless otherwise specified.


Notes:
25. Load and line regulation are specified at constant junction temperature. Changes in VO due to heating effects must


be taken into account separately. Pulse testing with low duty is used.
26. These parameters, although guaranteed, are not 100% tested in production.


Symbol Parameter Conditions Min. Typ. Max. Units


VO Output Voltage TJ = +25°C 8.82 9.0 9.16 V


IO = 5mA to 1A, PO ≤ 15W, 
VI = 11.2V to 24V


8.65 9.0 9.35


Regline Line Regulation(25) VI = 11.7V to 25V, IO = 500mA – 6.0 90.0 mV


VI = 12.5V to 19V – 4.0 45.0


TJ = +25°C VI = 11.5V to 24V – 6.0 90.0


VI = 12.5V to 19V – 2.0 45.0


Regload Load Regulation(25) TJ = +25°C, IO = 5mA to 1.5A – 12.0 100 mV


IO = 5mA to 1A – 12.0 100


IO = 250mA to 750mA – 5.0 50.0


IQ Quiescent Current TJ = +25°C – 5.0 6.0 mA


∆IQ Quiescent Current Change IO = 5mA to 1A – – 0.5 mA


VI = 12V to 25V, IO = 500mA – – 0.8


VI = 11.7V to 25V, TJ = +25°C – – 0.8


∆VO/∆T Output Voltage Drift(26) IO = 5mA – -1.0 – mV/°C


VN Output Noise Voltage f = 10Hz to 100kHz, TA = +25°C – 10.0 – µV/VO


RR Ripple Rejection(26) f = 120Hz, IO = 500mA, 
VI = 12V to 22V


– 62.0 – dB


VDROP Dropout Voltage IO = 1A, TJ = +25°C – 2.0 – V


rO Output Resistance(26) f = 1kHz – 17.0 – mΩ


ISC Short Circuit Current VI = 35V, TA = +25°C – 250 – mA


IPK Peak Current(26) TJ = +25°C – 2.2 – A
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Electrical Characteristics (LM7810A) (Continued)
Refer to the test circuits. 0°C < TJ < 125°C, IO = 1A, VI = 16V, CI = 0.33µF, CO = 0.1µF, unless otherwise specified.


Notes:
27. Load and line regulation are specified at constant junction temperature. Changes in VO due to heating effects must


be taken into account separately. Pulse testing with low duty is used.
28. These parameters, although guaranteed, are not 100% tested in production.


Symbol Parameter Conditions Min. Typ. Max. Units


VO Output Voltage TJ = +25°C 9.8 10.0 10.2 V


IO = 5mA to 1A, PO ≤ 15W, 
VI = 12.8V to 25V


9.6 10.0 10.4


Regline Line Regulation(27) VI = 12.8V to 26V, IO = 500mA – 8.0 100 mV


VI = 13V to 20V – 4.0 50.0


TJ = +25°C VI = 12.5V to 25V – 8.0 100


VI = 13V to 20V – 3.0 50.0


Regload Load Regulation(27) TJ = +25°C, IO = 5mA to 1.5A – 12.0 100 mV


IO = 5mA to 1A – 12.0 100


IO = 250mA to 750mA – 5.0 50.0


IQ Quiescent Current TJ = +25°C – 5.0 6.0 mA


∆IQ Quiescent Current 
Change


IO = 5mA to 1A – – 0.5 mA


VI = 12.8V to 25V, IO = 500mA – – 0.8


VI = 13V to 26V, TJ = +25°C – – 0.5


∆VO/∆T Output Voltage Drift(28) IO = 5mA – -1.0 – mV/°C


VN Output Noise Voltage f = 10Hz to 100kHz, TA = +25°C – 10.0 – µV/VO


RR Ripple Rejection(28) f = 120Hz, IO = 500mA, VI = 14V to 24V – 62.0 – dB


VDROP Dropout Voltage IO = 1A, TJ = +25°C – 2.0 – V


rO Output Resistance(28) f = 1kHz – 17.0 – mΩ


ISC Short Circuit Current VI = 35V, TA = +25°C – 250 – mA


IPK Peak Current(28) TJ = +25°C – 2.2 – A
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Electrical Characteristics (LM7812A) (Continued)
Refer to the test circuits. 0°C < TJ < 125°C, IO = 1A, VI = 19V, CI = 0.33µF, CO = 0.1µF, unless otherwise specified.


Note:
29. Load and line regulation are specified at constant junction temperature. Changes in VO due to heating effects must


be taken into account separately. Pulse testing with low duty is used.
30. These parameters, although guaranteed, are not 100% tested in production.


Symbol Parameter Conditions Min. Typ. Max. Units


VO Output Voltage TJ = +25°C 11.75 12.0 12.25 V


IO = 5mA to 1A, PO ≤ 15W, 
VI = 14.8V to 27V


11.5 12.0 12.5


Regline Line Regulation(29) VI = 14.8V to 30V, IO = 500mA – 10.0 120 mV


VI = 16V to 22V – 4.0 120


TJ = +25°C VI = 14.5V to 27V – 10.0 120


VI = 16V to 22V – 3.0 60.0


Regload Load Regulation(29) TJ = +25°C, IO = 5mA to 1.5A – 12.0 100 mV


IO = 5mA to 1A – 12.0 100


IO = 250mA to 750mA – 5.0 50.0


IQ Quiescent Current TJ = +25°C – 5.1 6.0 mA


∆IQ Quiescent Current Change IO = 5mA to 1A – – 0.5 mA


VI = 14V to 27V, IO = 500mA – – 0.8


VI = 15V to 30V, TJ = +25°C – – 0.8


∆VO/∆T Output Voltage Drift(30) IO = 5mA – -1.0 – mV/°C


VN Output Noise Voltage f = 10Hz to 100kHz, TA = +25°C – 10.0 – µV/VO


RR Ripple Rejection(30) f = 120Hz, IO = 500mA, 
VI = 14V to 24V


– 60.0 – dB


VDROP Dropout Voltage IO = 1A, TJ = +25°C – 2.0 – V


rO Output Resistance(30) f = 1kHz – 18.0 – mΩ


ISC Short Circuit Current VI = 35V, TA = +25°C – 250 – mA


IPK Peak Current(30) TJ = +25°C – 2.2 – A
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Electrical Characteristics (LM7815A) (Continued)
Refer to the test circuits. 0°C < TJ < 125°C, IO = 1A, VI = 23V, CI = 0.33µF, CO = 0.1µF, unless otherwise specified.


Notes:
31. Load and line regulation are specified at constant junction temperature. Changes in VO due to heating effects must


be taken into account separately. Pulse testing with low duty is used.
32. These parameters, although guaranteed, are not 100% tested in production.


Symbol Parameter Conditions Min. Typ. Max. Units


VO Output Voltage TJ = +25°C 14.75 15.0 15.3 V


IO = 5mA to 1A, PO ≤ 15W, 
VI = 17.7V to 30V


14.4 15.0 15.6


Regline Line Regulation(31) VI = 17.4V to 30V, IO = 500mA – 10.0 150 mV


VI = 20V to 26V – 5.0 150


TJ = +25°C VI = 17.5V to 30V – 11.0 150


VI = 20V to 26V – 3.0 75.0


Regload Load Regulation(31) TJ = +25°C, IO = 5mA to 1.5A – 12.0 100 mV


IO = 5mA to 1A – 12.0 100


IO = 250mA to 750mA – 5.0 50.0


IQ Quiescent Current TJ = +25°C – 5.2 6.0 mA


∆IQ Quiescent Current Change IO = 5mA to 1A – – 0.5 mA


VI = 17.5V to 30V, IO = 500mA – – 0.8


VI = 17.5V to 30V, TJ = +25°C – – 0.8


∆VO/∆T Output Voltage Drift(32) IO = 5mA – -1.0 – mV/°C


VN Output Noise Voltage f = 10Hz to 100kHz, TA = +25°C – 10.0 – µV/VO


RR Ripple Rejection(32) f = 120Hz, IO = 500mA, 
VI = 18.5V to 28.5V


– 58.0 – dB


VDROP Dropout Voltage IO = 1A, TJ = +25°C – 2.0 – V


rO Output Resistance(32) f = 1kHz – 19.0 – mΩ


ISC Short Circuit Current VI = 35V, TA = +25°C – 250 – mA


IPK Peak Current(32) TJ = +25°C – 2.2 – A
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Electrical Characteristics (LM7818A) (Continued)
Refer to the test circuits. 0°C < TJ < 125°C, IO = 1A, VI = 27V, CI = 0.33µF, CO = 0.1µF, unless otherwise specified.


Notes:
33. Load and line regulation are specified at constant junction temperature. Changes in VO due to heating effects must


be taken into account separately. Pulse testing with low duty is used.
34. These parameters, although guaranteed, are not 100% tested in production.


Symbol Parameter Conditions Min. Typ. Max. Units


VO Output Voltage TJ = +25°C 17.64 18.0 18.36 V


IO = 5mA to 1A, PO ≤ 15W, 
VI = 21V to 33V


17.3 18.0 18.7


Regline Line Regulation(33) VI = 21V to 33V, IO = 500mA – 15.0 180 mV


VI = 21V to 33V – 5.0 180


TJ = +25°C VI = 20.6V to 33V – 15.0 180


VI = 24V to 30V – 5.0 90.0


Regload Load Regulation(33) TJ = +25°C, IO = 5mA to 1.5A – 15.0 100 mV


IO = 5mA to 1A – 15.0 100


IO = 250mA to 750mA – 7.0 50.0


IQ Quiescent Current TJ = +25°C – 5.2 6.0 mA


∆IQ Quiescent Current Change IO = 5mA to 1A – – 0.5 mA


VI = 12V to 33V, IO = 500mA – – 0.8


VI = 12V to 33V, TJ = +25°C – – 0.8


∆VO/∆T Output Voltage Drift(34) IO = 5mA – -1.0 – mV/°C


VN Output Noise Voltage f = 10Hz to 100kHz, TA = +25°C – 10.0 – µV/VO


RR Ripple Rejection(34) f = 120Hz, IO = 500mA, 
VI = 22V to 32V


– 57.0 – dB


VDROP Dropout Voltage IO = 1A, TJ = +25°C – 2.0 – V


rO Output Resistance(34) f = 1kHz – 19.0 – mΩ


ISC Short Circuit Current VI = 35V, TA = +25°C – 250 – mA


IPK Peak Current(34) TJ = +25°C – 2.2 – A
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Electrical Characteristics (LM7824A) (Continued)
Refer to the test circuits. 0°C < TJ < 125°C, IO = 1A, VI = 33V, CI = 0.33µF, CO = 0.1µF, unless otherwise specified.


Notes:
35. Load and line regulation are specified at constant junction temperature. Changes in VO due to heating effects must


be taken into account separately. Pulse testing with low duty is used.
36. These parameters, although guaranteed, are not 100% tested in production.


Symbol Parameter Conditions Min. Typ. Max. Units


VO Output Voltage TJ = +25°C 23.5 24.0 24.5 V


IO = 5mA to 1A, PO ≤ 15W, 
VI = 27.3V to 38V


23.0 24.0 25.0


Regline Line Regulation(35) VI = 27V to 38V, IO = 500mA – 18.0 240 mV


VI = 21V to 33V – 6.0 240


TJ = +25°C VI = 26.7V to 38V – 18.0 240


VI = 30V to 36V – 6.0 120


Regload Load Regulation(35) TJ = +25°C, IO = 5mA to 1.5A – 15.0 100 mV


IO = 5mA to 1A – 15.0 100


IO = 250mA to 750mA – 7.0 50.0


IQ Quiescent Current TJ = +25°C – 5.2 6.0 mA


∆IQ Quiescent Current Change IO = 5mA to 1A – – 0.5 mA


VI = 27.3V to 38V, IO = 500mA – – 0.8


VI = 27.3V to 38V, TJ = +25°C – – 0.8


∆VO/∆T Output Voltage Drift(36) IO = 5mA – -1.5 – mV/°C


VN Output Noise Voltage f = 10Hz to 100kHz, TA = +25°C – 10.0 – µV/VO


RR Ripple Rejection(36) f = 120Hz, IO = 500mA, 
VI = 28V to 38V


– 54.0 – dB


VDROP Dropout Voltage IO = 1A, TJ = +25°C – 2.0 – V


rO Output Resistance(36) f = 1kHz – 20.0 – mΩ


ISC Short Circuit Current VI = 35V, TA = +25°C – 250 – mA


IPK Peak Current(36) TJ = +25°C – 2.2 – A
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Typical Performance Characteristics


Figure 3. Quiescent Current Figure 4. Peak Output Current 


Figure 5. Output Voltage Figure 6. Quiescent Current 
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Typical Applications


Figure 7. DC Parameters


Figure 8. Load Regulation


Figure 9. Ripple Rejection
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Figure 10. Fixed Output Regulator


Figure 11. 


Figure 12. Circuit for Increasing Output Voltage
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1. To specify an output voltage, substitute voltage value for “XX.” A common ground is required between the input and the 
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2. CI is required if regulator is located an appreciable distance from power supply filter.
3. CO improves stability and transient response.
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Figure 13. Adjustable Output Regulator (7V to 30V)


Figure 14. High Current Voltage Regulator


Figure 15. High Output Current with Short Circuit Protection
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Figure 16. Tracking Voltage Regulator


Figure 17. Split Power Supply (±15V – 1A)
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Figure 18. Negative Output Voltage Circuit 


Figure 19. Switching Regulator
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and increased cost of production and manufacturing delays. Fairchild is taking strong measures to protect ourselves and our customers from the proliferation of 
counterfeit parts. Fairchild strongly encourages customers to purchase Fairchild parts either directly from Fairchild or from Authorized Fairchild Distributors who are 
listed by country on our web page cited above. Products customers buy either from Fairchild directly or from Authorized Fairchild Distributors are genuine parts, have 
full traceability, meet Fairchild's quality standards for handling and storage and provide access to Fairchild's full range of up-to-date technical and product information. 
Fairchild and our Authorized Distributors will stand behind all warranties and will appropriately address any warranty issues that may arise. Fairchild will not provide 
any warranty coverage or other assistance for parts bought from Unauthorized Sources. Fairchild is committed to combat this global problem and encourage our 
customers to do their part in stopping this practice by buying direct or from authorized distributors.  


PRODUCT STATUS DEFINITIONS 
Definition of Terms 
Datasheet Identification Product Status Definition 


Advance Information Formative / In Design Datasheet contains the design specifications for product development. Specifications may change in 
any manner without notice. 


Preliminary First Production Datasheet contains preliminary data; supplementary data will be published at a later date. Fairchild 
Semiconductor reserves the right to make changes at any time without notice to improve design. 


No Identification Needed Full Production Datasheet contains final specifications. Fairchild Semiconductor reserves the right to make changes 
at any time without notice to improve the design. 


Obsolete Not In Production Datasheet contains specifications on a product that is discontinued by Fairchild Semiconductor.  
The datasheet is for reference information only. 


Rev. I47 
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� Meets or Exceeds TIA/EIA-232-F and ITU
Recommendation V.28


� Operates From a Single 5-V Power Supply
With 1.0-�F Charge-Pump Capacitors


� Operates Up To 120 kbit/s


� Two Drivers and Two Receivers


� ±30-V Input Levels


� Low Supply Current . . . 8 mA Typical


� ESD Protection Exceeds JESD 22
−  2000-V Human-Body Model (A114-A)


� Upgrade With Improved ESD (15-kV HBM)
and 0.1-�F Charge-Pump Capacitors is
Available With the MAX202


� Applications
−  TIA/EIA-232-F, Battery-Powered Systems,


Terminals, Modems, and Computers
     


description/ordering information


The MAX232 is a dual driver/receiver that includes a capacitive voltage generator to supply TIA/EIA-232-F
voltage levels from a single 5-V supply. Each receiver converts TIA/EIA-232-F inputs to 5-V TTL/CMOS levels.
These receivers have a typical threshold of 1.3 V, a typical hysteresis of 0.5 V, and can accept ±30-V inputs.
Each driver converts TTL/CMOS input levels into TIA/EIA-232-F levels. The driver, receiver, and
voltage-generator functions are available as cells in the Texas Instruments LinASIC library.


ORDERING INFORMATION


TA PACKAGE † ORDERABLE
PART NUMBER


TOP-SIDE
MARKING


PDIP (N) Tube of 25 MAX232N MAX232N


SOIC (D)
Tube of 40 MAX232D


MAX232


0°C to 70°C


SOIC (D)
Reel of 2500 MAX232DR


MAX232


0°C to 70°C


SOIC (DW)
Tube of 40 MAX232DW


MAX232SOIC (DW)
Reel of 2000 MAX232DWR


MAX232


SOP (NS) Reel of 2000 MAX232NSR MAX232


PDIP (N) Tube of 25 MAX232IN MAX232IN


SOIC (D)
Tube of 40 MAX232ID


MAX232I
−40°C to 85°C


SOIC (D)
Reel of 2500 MAX232IDR


MAX232I
−40 C to 85 C


SOIC (DW)
Tube of 40 MAX232IDW


MAX232ISOIC (DW)
Reel of 2000 MAX232IDWR


MAX232I


† Package drawings, standard packing quantities, thermal data, symbolization, and PCB design
guidelines are available at www.ti.com/sc/package.


Copyright  2004, Texas Instruments Incorporated�
��	����� ���� ����������� �� !"��#�� �� �� $"%&�!����� '��#(
���'"!�� !������ �� �$#!���!������ $#� �)# �#��� �� �#*�� �����"�#���
����'��' +������,( ���'"!���� $��!#����- '�#� ��� �#!#�����&, ��!&"'#
�#����- �� �&& $����#�#��(


�


Please be aware that an important notice concerning availability, standard warranty, and use in critical applications of
Texas Instruments semiconductor products and disclaimers thereto appears at the end of this data sheet.


LinASIC is a trademark of Texas Instruments.


1


2


3


4 


5


6


7


8


16


15


14


13


12


11


10


9


C1+
VS+
C1−
C2+
C2−
VS−


T2OUT
R2IN


VCC
GND
T1OUT
R1IN
R1OUT
T1IN
T2IN
R2OUT


MAX232 . . . D, DW, N, OR NS PACKAGE
MAX232I . . . D, DW, OR N PACKAGE


(TOP VIEW)
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Function Tables


EACH DRIVER


INPUT
TIN


OUTPUT
TOUT


L H


H L


H = high level, L = low
level


EACH RECEIVER


INPUT
RIN


OUTPUT
ROUT


L H


H L


H = high level, L = low
level


logic diagram (positive logic)


T1IN T1OUT


R1INR1OUT


T2IN T2OUT


R2INR2OUT


11


10


12


9


14


7


13


8
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absolute maximum ratings over operating free-air temperature range (unless otherwise noted) †


Input supply voltage range, VCC (see Note 1) −0.3 V to 6 V. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
Positive output supply voltage range, VS+ VCC − 0.3 V to 15 V. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
Negative output supply voltage range, VS− −0.3 V to −15 V. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
Input voltage range, VI: Driver −0.3 V to VCC + 0.3 V. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 


Receiver ±30 V. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
Output voltage range, VO: T1OUT, T2OUT VS− − 0.3 V to VS+ + 0.3 V. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 


R1OUT, R2OUT −0.3 V to VCC + 0.3 V. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
Short-circuit duration: T1OUT, T2OUT Unlimited. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
Package thermal impedance, θJA (see Notes 2 and 3): D package 73°C/W. . . . . . . . . . . . . . . . . . . . . . . . . . . . 


DW package 57°C/W. . . . . . . . . . . . . . . . . . . . . . . . . . 
N package 67°C/W. . . . . . . . . . . . . . . . . . . . . . . . . . . . 
NS package 64°C/W. . . . . . . . . . . . . . . . . . . . . . . . . . . 


Operating virtual junction temperature, TJ 150°C. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
Storage temperature range, Tstg  −65°C to 150°C. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 


† Stresses beyond those listed under “absolute maximum ratings” may cause permanent damage to the device. These are stress ratings only, and
functional operation of the device at these or any other conditions beyond those indicated under “recommended operating conditions” is not
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability.


NOTES: 1. All voltages are with respect to network GND.
2. Maximum power dissipation is a function of TJ(max), θJA, and TA. The maximum allowable power dissipation at any allowable


ambient temperature is PD = (TJ(max) − TA)/θJA. Operating at the absolute maximum TJ of 150°C can affect reliability.
3. The package thermal impedance is calculated in accordance with JESD 51-7.


recommended operating conditions
MIN NOM MAX UNIT


VCC Supply voltage 4.5 5 5.5 V


VIH High-level input voltage (T1IN,T2IN) 2 V


VIL Low-level  input voltage (T1IN, T2IN) 0.8 V


R1IN, R2IN Receiver input voltage ±30 V


TA Operating free-air temperature
MAX232 0 70


°CTA Operating free-air temperature
MAX232I −40 85


°C


electrical characteristics over recommended ranges of supply voltage and operating free-air
temperature (unless otherwise noted) (see Note 4 and Figure 4)


PARAMETER TEST CONDITIONS MIN TYP‡ MAX UNIT


ICC Supply current
VCC = 5.5 V,
TA = 25°C


All outputs open,
8 10 mA


‡ All typical values are at VCC = 5 V and TA = 25°C.
NOTE 4: Test conditions are C1−C4 = 1 µF at VCC = 5 V ± 0.5 V.
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DRIVER SECTION


electrical characteristics over recommended ranges of supply voltage and operating free-air
temperature range (see Note 4)


PARAMETER TEST CONDITIONS MIN TYP† MAX UNIT


VOH High-level output voltage T1OUT, T2OUT RL = 3 kΩ to GND 5 7 V


VOL Low-level output voltage‡ T1OUT, T2OUT RL = 3 kΩ to GND −7 −5 V


ro Output resistance T1OUT, T2OUT VS+ = VS− = 0, VO = ±2 V 300 Ω


IOS§ Short-circuit output current T1OUT, T2OUT VCC = 5.5 V, VO = 0 ±10 mA


IIS Short-circuit input  current T1IN, T2IN VI = 0 200 µA


† All typical values are at VCC = 5 V, TA = 25°C.
‡ The algebraic convention, in which the least-positive (most negative) value is designated minimum, is used in this data sheet for logic voltage


levels only.
§ Not more than one output should be shorted at a time.
NOTE 4: Test conditions are C1−C4 = 1 µF at VCC = 5 V ± 0.5 V.


switching characteristics, V CC = 5 V, TA = 25°C (see Note 4)


PARAMETER TEST CONDITIONS MIN TYP MAX UNIT


SR Driver slew rate
RL = 3 kΩ to 7 kΩ,
See Figure 2


30 V/µs


SR(t) Driver transition region slew rate See Figure 3 3 V/µs


Data rate One TOUT switching 120 kbit/s


NOTE 4: Test conditions are C1−C4 = 1 µF at VCC = 5 V ± 0.5 V.


RECEIVER SECTION


electrical characteristics over recommended ranges of supply voltage and operating free-air
temperature range (see Note 4)


PARAMETER TEST CONDITIONS MIN TYP† MAX UNIT


VOH High-level output voltage R1OUT, R2OUT IOH = −1 mA 3.5 V


VOL Low-level output voltage‡ R1OUT, R2OUT IOL = 3.2 mA 0.4 V


VIT+
Receiver positive-going input
threshold voltage


R1IN, R2IN VCC = 5 V, TA = 25°C 1.7 2.4 V


VIT−
Receiver negative-going input
threshold voltage


R1IN, R2IN VCC = 5 V, TA = 25°C 0.8 1.2 V


Vhys Input hysteresis voltage R1IN, R2IN VCC = 5 V 0.2 0.5 1 V


ri Receiver input resistance R1IN, R2IN VCC = 5, TA = 25°C 3 5 7 kΩ
† All typical values are at VCC = 5 V, TA = 25°C.
‡ The algebraic convention, in which the least-positive (most negative) value is designated minimum, is used in this data sheet for logic voltage


levels only.
NOTE 4: Test conditions are C1−C4 = 1 µF at VCC = 5 V ± 0.5 V.


switching characteristics, V CC = 5 V, TA = 25°C (see Note 4 and Figure 1)


PARAMETER TYP UNIT


tPLH(R) Receiver propagation delay time, low- to high-level output 500 ns


tPHL(R) Receiver propagation delay time, high- to low-level output 500 ns


NOTE 4: Test conditions are C1−C4 = 1 µF at VCC = 5 V ± 0.5 V.
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PARAMETER MEASUREMENT INFORMATION


≤10 ns


VCC


R1IN
or


R2IN


R1OUT
or


R2OUT


RL = 1.3 kΩ


See Note C


CL = 50 pF
(see Note B)


TEST CIRCUIT


≤10 ns


Input


Output


tPHL
tPLH


1.5 V
VOL


VOH


0 V


3 V


10%
90%


50%


500 ns


WAVEFORMS


1.5 V


90%
50% 10%


NOTES: A. The pulse generator has the following characteristics: ZO = 50 Ω, duty cycle ≤ 50%.
B. CL includes probe and jig capacitance.
C. All diodes are 1N3064 or equivalent.


Pulse
Generator


(see Note A)


Figure 1. Receiver Test Circuit and Waveforms for t PHL and t PLH Measurements
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PARAMETER MEASUREMENT INFORMATION


T1IN or T2IN T1OUT or T2OUT


CL = 10 pF
(see Note B)


TEST CIRCUIT


≤10 ns≤10 ns


Input


Output


tPHL
tPLH


VOL


VOH


0 V


3 V


10%


90%
50%


5 µs


WAVEFORMS


90%
50%


10%


RL


90%


10%


90%


10%


tTLHtTHL


SR �


0.8 (VOH – VOL)


tTLH
or


0.8 (VOL – VOH)


tTHL


NOTES: A. The pulse generator has the following characteristics: ZO = 50 Ω, duty cycle ≤ 50%.
B. CL includes probe and jig capacitance.


Pulse
Generator


(see Note A)
EIA-232 Output


Figure 2. Driver Test Circuit and Waveforms for t PHL and t PLH Measurements (5- µs Input)


EIA-232 Output


−3 V


3 V


−3 V


3 V


3 kΩ


10%1.5 V
90%


WAVEFORMS


20 µs


1.5 V
90%


10%


VOH


VOL


tTLHtTHL


≤10 ns ≤10 ns


TEST CIRCUIT


CL = 2.5 nF


Pulse
Generator


(see Note A)


Input


Output


SR �


6 V
tTHL or t TLH


NOTE A:  The pulse generator has the following characteristics: ZO = 50 Ω, duty cycle ≤ 50%.


Figure 3. Test Circuit and Waveforms for t THL and t TLH Measurements (20- µs Input)
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APPLICATION INFORMATION


1 µF


1 µF VS+


VS−


2


6


14


7


13


8


C1+


C1−


C2+


C2−


1


3


4


5


11


10


12


9


GND


15


0 V


VCC


16


5 V


EIA-232 Output


EIA-232 Output


EIA-232 Input


EIA-232 Input


1 µF


8.5 V


−8.5 V


1 µF


From CMOS or TTL


To CMOS or TTL


CBYPASS = 1 µF


C1


C2


C3†


C4


† C3 can be connected to VCC or GND.
NOTES: A. Resistor values shown are nominal.


B. Nonpolarized ceramic capacitors are acceptable. If polarized tantalum or electrolytic capacitors are used, they should be
connected as shown. In addition to the 1-µF capacitors shown, the MAX202 can operate with 0.1-µF capacitors.


+


+
−


Figure 4. Typical Operating Circuit







PACKAGING INFORMATION


Orderable Device Status (1) Package
Type


Package
Drawing


Pins Package
Qty


Eco Plan (2) Lead/Ball Finish MSL Peak Temp (3)


MAX232D ACTIVE SOIC D 16 40 Green (RoHS &
no Sb/Br)


CU NIPDAU Level-1-260C-UNLIM


MAX232DE4 ACTIVE SOIC D 16 40 Green (RoHS &
no Sb/Br)


CU NIPDAU Level-1-260C-UNLIM


MAX232DG4 ACTIVE SOIC D 16 40 Green (RoHS &
no Sb/Br)


CU NIPDAU Level-1-260C-UNLIM


MAX232DR ACTIVE SOIC D 16 2500 Green (RoHS &
no Sb/Br)


CU NIPDAU Level-1-260C-UNLIM


MAX232DRE4 ACTIVE SOIC D 16 2500 Green (RoHS &
no Sb/Br)


CU NIPDAU Level-1-260C-UNLIM


MAX232DRG4 ACTIVE SOIC D 16 2500 Green (RoHS &
no Sb/Br)


CU NIPDAU Level-1-260C-UNLIM


MAX232DW ACTIVE SOIC DW 16 40 Green (RoHS &
no Sb/Br)


CU NIPDAU Level-1-260C-UNLIM


MAX232DWE4 ACTIVE SOIC DW 16 40 Green (RoHS &
no Sb/Br)


CU NIPDAU Level-1-260C-UNLIM


MAX232DWG4 ACTIVE SOIC DW 16 40 Green (RoHS &
no Sb/Br)


CU NIPDAU Level-1-260C-UNLIM


MAX232DWR ACTIVE SOIC DW 16 2000 Green (RoHS &
no Sb/Br)


CU NIPDAU Level-1-260C-UNLIM


MAX232DWRE4 ACTIVE SOIC DW 16 2000 Green (RoHS &
no Sb/Br)


CU NIPDAU Level-1-260C-UNLIM


MAX232DWRG4 ACTIVE SOIC DW 16 2000 Green (RoHS &
no Sb/Br)


CU NIPDAU Level-1-260C-UNLIM


MAX232ID ACTIVE SOIC D 16 40 Green (RoHS &
no Sb/Br)


CU NIPDAU Level-1-260C-UNLIM


MAX232IDE4 ACTIVE SOIC D 16 40 Green (RoHS &
no Sb/Br)


CU NIPDAU Level-1-260C-UNLIM


MAX232IDG4 ACTIVE SOIC D 16 40 Green (RoHS &
no Sb/Br)


CU NIPDAU Level-1-260C-UNLIM


MAX232IDR ACTIVE SOIC D 16 2500 Green (RoHS &
no Sb/Br)


CU NIPDAU Level-1-260C-UNLIM


MAX232IDRE4 ACTIVE SOIC D 16 2500 Green (RoHS &
no Sb/Br)


CU NIPDAU Level-1-260C-UNLIM


MAX232IDRG4 ACTIVE SOIC D 16 2500 Green (RoHS &
no Sb/Br)


CU NIPDAU Level-1-260C-UNLIM


MAX232IDW ACTIVE SOIC DW 16 40 Green (RoHS &
no Sb/Br)


CU NIPDAU Level-1-260C-UNLIM


MAX232IDWE4 ACTIVE SOIC DW 16 40 Green (RoHS &
no Sb/Br)


CU NIPDAU Level-1-260C-UNLIM


MAX232IDWG4 ACTIVE SOIC DW 16 40 Green (RoHS &
no Sb/Br)


CU NIPDAU Level-1-260C-UNLIM


MAX232IDWR ACTIVE SOIC DW 16 2000 Green (RoHS &
no Sb/Br)


CU NIPDAU Level-1-260C-UNLIM


MAX232IDWRE4 ACTIVE SOIC DW 16 2000 Green (RoHS &
no Sb/Br)


CU NIPDAU Level-1-260C-UNLIM


MAX232IDWRG4 ACTIVE SOIC DW 16 2000 Green (RoHS &
no Sb/Br)


CU NIPDAU Level-1-260C-UNLIM


MAX232IN ACTIVE PDIP N 16 25 Pb-Free
(RoHS)


CU NIPDAU N / A for Pkg Type
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Orderable Device Status (1) Package
Type


Package
Drawing


Pins Package
Qty


Eco Plan (2) Lead/Ball Finish MSL Peak Temp (3)


MAX232INE4 ACTIVE PDIP N 16 25 Pb-Free
(RoHS)


CU NIPDAU N / A for Pkg Type


MAX232N ACTIVE PDIP N 16 25 Pb-Free
(RoHS)


CU NIPDAU N / A for Pkg Type


MAX232NE4 ACTIVE PDIP N 16 25 Pb-Free
(RoHS)


CU NIPDAU N / A for Pkg Type


MAX232NSR ACTIVE SO NS 16 2000 Green (RoHS &
no Sb/Br)


CU NIPDAU Level-1-260C-UNLIM


MAX232NSRE4 ACTIVE SO NS 16 2000 Green (RoHS &
no Sb/Br)


CU NIPDAU Level-1-260C-UNLIM


MAX232NSRG4 ACTIVE SO NS 16 2000 Green (RoHS &
no Sb/Br)


CU NIPDAU Level-1-260C-UNLIM


(1) The marketing status values are defined as follows:
ACTIVE: Product device recommended for new designs.
LIFEBUY: TI has announced that the device will be discontinued, and a lifetime-buy period is in effect.
NRND: Not recommended for new designs. Device is in production to support existing customers, but TI does not recommend using this part in
a new design.
PREVIEW: Device has been announced but is not in production. Samples may or may not be available.
OBSOLETE: TI has discontinued the production of the device.


(2) Eco Plan - The planned eco-friendly classification: Pb-Free (RoHS), Pb-Free (RoHS Exempt), or Green (RoHS & no Sb/Br) - please check
http://www.ti.com/productcontent for the latest availability information and additional product content details.
TBD: The Pb-Free/Green conversion plan has not been defined.
Pb-Free (RoHS): TI's terms "Lead-Free" or "Pb-Free" mean semiconductor products that are compatible with the current RoHS requirements
for all 6 substances, including the requirement that lead not exceed 0.1% by weight in homogeneous materials. Where designed to be soldered
at high temperatures, TI Pb-Free products are suitable for use in specified lead-free processes.
Pb-Free (RoHS Exempt): This component has a RoHS exemption for either 1) lead-based flip-chip solder bumps used between the die and
package, or 2) lead-based die adhesive used between the die and leadframe. The component is otherwise considered Pb-Free (RoHS
compatible) as defined above.
Green (RoHS & no Sb/Br): TI defines "Green" to mean Pb-Free (RoHS compatible), and free of Bromine (Br) and Antimony (Sb) based flame
retardants (Br or Sb do not exceed 0.1% by weight in homogeneous material)


(3) MSL, Peak Temp. -- The Moisture Sensitivity Level rating according to the JEDEC industry standard classifications, and peak solder
temperature.


Important Information and Disclaimer:The information provided on this page represents TI's knowledge and belief as of the date that it is
provided. TI bases its knowledge and belief on information provided by third parties, and makes no representation or warranty as to the
accuracy of such information. Efforts are underway to better integrate information from third parties. TI has taken and continues to take
reasonable steps to provide representative and accurate information but may not have conducted destructive testing or chemical analysis on
incoming materials and chemicals. TI and TI suppliers consider certain information to be proprietary, and thus CAS numbers and other limited
information may not be available for release.


In no event shall TI's liability arising out of such information exceed the total purchase price of the TI part(s) at issue in this document sold by TI
to Customer on an annual basis.
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TAPE AND REEL INFORMATION


*All dimensions are nominal


Device Package
Type


Package
Drawing


Pins SPQ Reel
Diameter


(mm)


Reel
Width


W1 (mm)


A0 (mm) B0 (mm) K0 (mm) P1
(mm)


W
(mm)


Pin1
Quadrant


MAX232DR SOIC D 16 2500 330.0 16.4 6.5 10.3 2.1 8.0 16.0 Q1


MAX232DR SOIC D 16 2500 330.0 16.4 6.5 10.3 2.1 8.0 16.0 Q1


MAX232DWR SOIC DW 16 2000 330.0 16.4 10.75 10.7 2.7 12.0 16.0 Q1


MAX232IDR SOIC D 16 2500 330.0 16.4 6.5 10.3 2.1 8.0 16.0 Q1


MAX232IDWR SOIC DW 16 2000 330.0 16.4 10.75 10.7 2.7 12.0 16.0 Q1


MAX232NSR SO NS 16 2000 330.0 16.4 8.2 10.5 2.5 12.0 16.0 Q1


PACKAGE MATERIALS INFORMATION


www.ti.com 19-Mar-2008


Pack Materials-Page 1







*All dimensions are nominal


Device Package Type Package Drawing Pins SPQ Length (mm) Width (mm) Height (mm)


MAX232DR SOIC D 16 2500 346.0 346.0 33.0


MAX232DR SOIC D 16 2500 333.2 345.9 28.6


MAX232DWR SOIC DW 16 2000 346.0 346.0 33.0


MAX232IDR SOIC D 16 2500 333.2 345.9 28.6


MAX232IDWR SOIC DW 16 2000 346.0 346.0 33.0


MAX232NSR SO NS 16 2000 346.0 346.0 33.0
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IMPORTANT NOTICE


Texas Instruments Incorporated and its subsidiaries (TI) reserve the right to make corrections, modifications, enhancements, improvements,
and other changes to its products and services at any time and to discontinue any product or service without notice. Customers should
obtain the latest relevant information before placing orders and should verify that such information is current and complete. All products are
sold subject to TI’s terms and conditions of sale supplied at the time of order acknowledgment.


TI warrants performance of its hardware products to the specifications applicable at the time of sale in accordance with TI’s standard
warranty. Testing and other quality control techniques are used to the extent TI deems necessary to support this warranty. Except where
mandated by government requirements, testing of all parameters of each product is not necessarily performed.
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_______________General Description
The MAX517/MAX518/MAX519 are 8-bit voltage output
digital-to-analog converters (DACs) with a simple 2-wire
serial interface that allows communication between
multiple devices. They operate from a single 5V supply
and their internal precision buffers allow the DAC out-
puts to swing rail-to-rail. 


The MAX517 is a single DAC and the MAX518/MAX519
are dual DACs. The MAX518 uses the supply voltage
as the reference for both DACs. The MAX517 has a ref-
erence input for its single DAC and each of the
MAX519’s two DACs has its own reference input.


The MAX517/MAX518/MAX519 feature a serial interface
and internal software protocol, allowing communication
at data rates up to 400kbps. The interface, combined
with the double-buffered input configuration, allows the
DAC registers of the dual devices to be updated indi-
vidually or simultaneously. In addition, the devices can
be put into a low-power shutdown mode that reduces
supply current to 4µA. Power-on reset ensures the DAC
outputs are at 0V when power is initially applied.


The MAX517/MAX518 are available in space-saving 8-
pin DIP and SO packages. The MAX519 comes in 16-
pin DIP and SO packages.


________________________Applications
Minimum Component Analog Systems
Digital Offset/Gain Adjustment
Industrial Process Control
Automatic Test Equipment
Programmable Attenuators


____________________________Features
� Single +5V Supply
� Simple 2-Wire Serial Interface
� I2C Compatible
� Output Buffer Amplifiers Swing Rail-to-Rail
� Space-Saving 8-pin DIP/SO Packages


(MAX517/MAX518)
� Reference Input Range Includes Both Supply Rails


(MAX517/MAX519)
� Power-On Reset Clears All Latches
� 4µA Power-Down Mode


______________Ordering Information
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OUT1 (REF0)


VDD


AD0


AD1SDA


SCL


GND


OUT0


MAX517
MAX518


DIP/SO


TOP VIEW


_________________Pin Configurations


INPUT 
LATCH 0


OUTPUT
LATCH 0


START/STOP
DETECTOR


DAC0


INPUT 
LATCH 1


8-BIT
 SHIFT 


REGISTER


OUT0


REF


REF


OUT1


MAX518


8


1


DECODE


ADDRESS
COMPARATOR


DAC1OUTPUT
LATCH 1


VDD
7


SCL
SDA


AD0 AD1


3


4


6 5
GND
2


________________Functional Diagram


19-0393; Rev 1; 9/02


PART


MAX517ACPA


MAX517BCPA


MAX517ACSA 0°C to +70°C


0°C to +70°C


0°C to +70°C


TEMP RANGE PIN-PACKAGE


8 Plastic DIP


8 Plastic DIP


8 SO


TUE
(LSB)


1


1.5


1


MAX517BCSA


MAX517BC/D 0°C to +70°C


0°C to +70°C 8 SO


Dice*


1.5


1.5


Ordering Information continued at end of data sheet.
*Dice are specified at TA = +25°C, DC parameters only.
**Contact factory for availability and processing to MIL-STD-883.


( ) ARE FOR MAX517
Pin Configurations continued at end of data sheet.


For pricing, delivery, and ordering information, please contact Maxim/Dallas Direct! at 
1-888-629-4642, or visit Maxim’s website at www.maxim-ic.com.
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ABSOLUTE MAXIMUM RATINGS


ELECTRICAL CHARACTERISTICS
(VDD = 5V ±10%, VREF_ = 4V (MAX517, MAX519), RL = 10kΩ, CL = 100pF, TA = TMIN to TMAX, unless otherwise noted. 
Typical values are TA = +25°C.)


Stresses beyond those listed under “Absolute Maximum Ratings” may cause permanent damage to the device. These are stress ratings only, and functional
operation of the device at these or any other conditions beyond those indicated in the operational sections of the specifications is not implied. Exposure to
absolute maximum rating conditions for extended periods may affect device reliability.


VDD to GND..............................................................-0.3V to +6V
OUT_ ..........................................................-0.3V to (VDD + 0.3V)
REF_ (MAX517, MAX519)...........................-0.3V to (VDD + 0.3V)
AD_.............................................................-0.3V to (VDD + 0.3V)
SCL, SDA to GND.....................................................-0.3V to +6V
Maximum Current into Any Pin............................................50mA
Continuous Power Dissipation (TA = +70°C)


8-Pin Plastic DIP (derate 9.09mW/°C above +70°C) ...727mW
8-Pin SO (derate 5.88mW/°C above +70°C)................471mW
8-Pin CERDIP (derate 8.00mW/°C above +70°C)........640mW


16-Pin Plastic DIP (derate 10.53mW/°C above +70°C)..842mW
16-Pin Narrow SO (derate 8.70mW/°C above +70°C) ...696mW
16-Pin CERDIP (derate 10.00mW/°C above +70°C) ......800mW


Operating Temperature Ranges
MAX51_C_ _ .......................................................0°C to +70°C
MAX51_E_ _.....................................................-40°C to +85°C
MAX51_MJB ..................................................-55°C to +125°C


Storage Temperature Range .............................-65°C to +150°C
Lead Temperature (soldering, 10s) .................................+300°C


±1MAX51 _BM


±1MAX51 _E


MAX51 _C


Full-Scale-Error Temperature Coefficient


Full-Scale-Error Supply Rejection


±1


mV


±10 µV/°C


MAX517, MAX519
Code = FF hex
VDD = +5V ±10%


Code = FF hex


±20MAX51 _E mV


MAX51 _C


±1MAX51 _BM


±1MAX51 _E


MAX51 _C


20MAX51 _BM


20MAX51 _E


MAX51 _C


MAX51 _A


PARAMETER SYMBOL MIN TYP MAX UNITS


Resolution 8 Bits


TUE
±1


Differential Nonlinearity (Note 1) DNL ±1 LSB


Zero-Code Error ZCE


18


mV


Zero-Code-Error Supply Rejection


±1


Zero-Code-Error Temperature Coefficient ±10 µV/°C


Full-Scale Error


±18


CONDITIONS


Guaranteed monotonic


Code = 00 hex


Code = 00 hex


Code = 00 hex


Code = FF hex,
MAX518 unloaded


mV


MAX51 _B ±1.5
Total Unadjusted Error (Note 1) LSB


±20MAX51 _BM


STATIC ACCURACY
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ELECTRICAL CHARACTERISTICS (continued)
(VDD = 5V ±10%, VREF_ = 4V (MAX517, MAX519), RL = 10kΩ, CL = 100pF, TA = TMIN to TMAX, unless otherwise noted. 
Typical values are TA = +25°C.)


0.6ISINK = 6mA


ISINK = 3mA


0.3VDD


Input High Voltage VIH 0.7VDD V


Input Leakage Current IIN ±10 µA


Output Low Voltage VOL
0.4


V


Three-State Leakage Current IL ±10 µA


Three-State Output Capacitance COUT 10


0V ≤ VIN ≤ VDD


VIN = 0V to VDD


(Note 6)


PARAMETER SYMBOL MIN TYP MAX UNITS


Output Leakage Current ±10 µA


CONDITIONS


OUT_ = 0V to VDD, power-down mode


pF


LSB


1.5


VIL


Input Hysteresis VHYST 0.05VDD V


Input Capacitance CIN 10 pF(Note 6)


Input High Voltage VIH 2.4 V


Input Low Voltage VIL 0.8 V


Input Leakage Current IIN ±10 µAVIN = 0V to VDD


Voltage Output Slew Rate
2.0


Positive and negative V/µs
MAX51 _C


Output Settling Time µs


Digital Feedthrough 5Code = 00 hex, all digital inputs from 0V to VDD nV-s


1.4MAX51 _E
1.0MAX51 _M


Input Voltage Range 0 VDD V


Input Resistance RIN 16 24 kΩCode = 55 hex (Note 2)


Input Current ±10 µAPower-down mode


Input Capacitance 30 pFCode = FF hex (Note 3)


Channel-to-Channel Isolation
(MAX519)


-60(Note 4)


MAX51 _M, REF_ = VDD
(MAX517, MAX519), code = FF hex, 
0µA to 500µA


2.0


AC Feedthrough -70


dB


(Note 5)


MAX51 _C/E, REF_ = VDD
(MAX517, MAX519), code = FF hex, 
0µA to 500µA


Full-Scale Output Voltage 0 VDD V


Output Load Regulation


0.25OUT_ = 4V, 0mA to 2.5mA


6To 1/2 LSB, 10kΩ and 100pF load (Note 8)


DAC OUTPUTS


DIGITAL INPUTS SCL, SDA


DIGITAL INPUTS AD0, AD1, AD2, AD3


DIGITAL OUTPUT SDA (Note 7)


DYNAMIC PERFORMANCE


REFERENCE INPUTS (MAX517, MAX519)


dB


Input Low Voltage V
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Note 1: For the MAX518 (full-scale = VDD) the last three codes are excluded from the TUE and DNL specifications, due to the limited
output swing when loaded with 10kΩ to GND.


Note 2: Input resistance is code dependent. The lowest input resistance occurs at code = 55 hex.
Note 3: Input capacitance is code dependent. The highest input capacitance occurs at code FF hex.
Note 4: VREF_ = 4VP-P, 10kHz. Channel-to-channel isolation is measured by setting the code of one DAC to FF hex and setting the


code of all other DACs to 00 hex.
Note 5: VREF_ = 4Vp-p, 10kHz, DAC code = 00 hex.
Note 6: Guaranteed by design.
Note 7: I2C compatible mode. RPULLUP = 1.7kΩ.
Note 8: Output settling time is measured by taking the code from 00 hex to FF hex, and from FF hex to 00 hex.
Note 9: A master device must provide a hold time of at least 300ns for the SDA signal (referred to VIL of the SCL signal) in order to


bridge the undefined region of SCL’s falling edge.
Note 10: Cb = total capacitance of one bus line in pF. tR and tF measured between 0.3VDD and 0.7VDD.
Note 11: Input filters on the SDA and SCL inputs suppress noise spikes less than 50ns.


Hold Time, (Repeated) Start Condition tHD, STA 0.6 µs


Low Period of the SCL Clock tLOW 1.3 µs


High Period of the SCL Clock tHIGH 0.6


PARAMETER SYMBOL MIN TYP MAX UNITS


Serial Clock Frequency fSCL 0 400 kHz
Bus Free Time Between a STOP and a 
START Condition


tBUF 1.3 µs


CONDITIONS


µs


Setup Time for a Repeated START Condition tSU, STA 0.6 µs


Data Hold Time tHD, DAT 0 0.9 µs


Data Setup Time tSU, DAT 100


(Note 9)


ns


Fall Time of SDA Transmitting tF 20 + 0.1Cb 250 ns


Setup Time for STOP Condition tSU, STO 0.6 µs


Capacitive Load for Each Bus Line Cb 400


ISINK ≤ 6mA (Notes 7, 10)


pF


Rise Time of Both SDA and SCL Signals, Receiving tR 20 + 0.1Cb 300 ns


Fall Time of Both SDA and SCL Signals, Receiving tF 20 + 0.1Cb 300


(Note 10)


(Note 10) ns


Pulse Width of Spike Suppressed tSP 0 50(Notes 6, 11) ns


TIMING CHARACTERISTICS
(VDD = 5V ±10%, TA = TMIN to TMAX, unless otherwise noted. Typical values are TA = +25°C.)


ELECTRICAL CHARACTERISTICS (continued)
(VDD = 5V ±10%, VREF_ = 4V (MAX517, MAX519), RL = 10kΩ, CL = 100pF, TA = TMIN to TMAX, unless otherwise noted. 
Typical values are TA = +25°C.)


PARAMETER SYMBOL MIN TYP MAX UNITSCONDITIONS


Digital-Analog Glitch Impulse 12Code 128 to 127 nV-s
Signal to Noise + Distortion
Ratio (MAX517, MAX519)


SINAD 87
VREF_ = 4Vp-p at 1kHz, VDD = 5V, 
Code = FF hex


dB


Multiplying Bandwidth
(MAX517, MAX519)


1 MHz


Wideband Amplifier Noise 60 µVRMS


Supply Voltage VDD 4.5 5.5 V


1.5 3.0


MAX517E/M


MAX517C


2.5 5


1.5 3.5


VREF_ = 4Vp-p, 3dB bandwidth


Supply Current


Normal mode, output(s)
unloaded, all digital inputs
at 0V or VDD


2.5 6


MAX518C, MAX519C


MAX518E/M, MAX519E/M


IDD


Power-down mode 4 20 µA


POWER REQUIREMENTS
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__________________________________________Typical Operating Characteristics
(TA = +25°C, unless otherwise noted.)


OUT0 LOADED WITH 10kΩ II 100pF
REF0 = 4V (MAX517/MAX519)
DAC CODE = 00 HEX to FF HEX


1µs/div


POSITIVE FULL-SCALE STEP RESPONSE


OUT0
1V/div
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A = REF0, 1V/div (4VP-P)
B = OUT0, 50µV/div, UNLOADED
FILTER PASSBAND = 10kHz to 1MHz
DAC CODE = 00 HEX


MAX517/MAX519
REFERENCE FEEDTHROUGH AT 100kHz


B


A


______________________________Typical Operating Characteristics (continued)
(TA = +25°C, unless otherwise noted.)


A = SCL, 400kHz, 5V/div
B = OUT0, 5mV/div
DAC CODE = 7F HEX
REF0 = 5V (MAX517/MAX519)


CLOCK FEEDTHROUGH


B


A


A = REF0, 1V/div (4VP-P)
B = OUT0, 50µV/div, UNLOADED
FILTER PASSBAND = 100Hz to 10kHz
DAC CODE = 00 HEX


MAX517/MAX519
REFERENCE FEEDTHROUGH AT 1kHz


B


A


A = REF0, 1V/div (4VP-P)
B = OUT0, 50µV/div, UNLOADED
FILTER PASSBAND = 1kHz to 100kHz
DAC CODE = 00 HEX


MAX517/MAX519
REFERENCE FEEDTHROUGH AT 10kHz


B


A


OUT0 LOADED WITH 10kΩ II 100pF
REF0 = 4V (MAX517/MAX519)
DAC CODE = FF HEX to 00 HEX


1µs/div


NEGATIVE FULL-SCALE STEP RESPONSE


OUT0
1V/div


REF0 = 5V (MAX517/MAX519)
DAC CODE = 80 HEX to 7F HEX


500ns/div


WORST-CASE 1LSB STEP CHANGE


OUT0
20mV/div
AC COUPLED
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Figure 1.  MAX517/MAX519 Functional Diagram


_______________Detailed Description
Serial Interface


The MAX517/MAX518/MAX519 use a simple 2-wire 
serial interface requiring only two I/O lines (2-wire bus) 
of a standard microprocessor (µP) port. Figure 2 shows
the timing diagram for signals on the 2-wire bus. 
Figure 3 shows a typical application. The 2-wire bus can
have several devices (in addition to the MAX517/
MAX518/MAX519) attached. The two bus lines (SDA and
SCL) must be high when the bus is not in use. When in
use, the port bits are toggled to generate the appropriate
signals for SDA and SCL. External pull-up resistors are
not required on these lines. The MAX517/MAX518/
MAX519 can be used in applications where pull-up resis-
tors are required (such as in I2C systems) to maintain
compatibility with existing circuitry.


The MAX517/MAX518/MAX519 are receive-only devices
and must be controlled by a bus master device. They
operate at SCL rates up to 400kHz. A master device
sends information to the devices by transmitting their
address over the bus and then transmitting the desired
information. Each transmission consists of a START
condition, the MAX517/MAX518/MAX519’s programm-
able slave-address, one or more command-byte/out-
put-byte pairs (or a command byte alone, if it is the last
byte in the transmission), and finally, a STOP condition
(Figure 4).


______________________________________________________________Pin Description


PIN


MAX517 MAX518 MAX519
NAME FUNCTION


1 1 1 OUT0 DAC0 Voltage Output


2 2 4 GND Ground


— — 5 AD3 Address Input 3; sets IC’s slave address


3 3 6 SCL Serial Clock Input


4 4 8 SDA Serial Data Input


— — 9 AD2 Address Input 2; sets IC’s slave address


5 5 10 AD1 Address Input 1; sets IC’s slave address


6 6 11 AD0 Address Input 0; sets IC’s slave address


7 7 12 VDD Power Supply, +5V; used as reference for MAX518


— — 13 REF1 Reference Voltage Input for DAC1


8 — 15 REF0 Reference Voltage Input for DAC0


— 8 16 OUT1 DAC1 Voltage Output


— — 2, 3, 7, 14 N.C. No Connect—not internally connected.


INPUT 
LATCH 0


OUTPUT
LATCH 0


START/STOP
DETECTOR


DAC0


INPUT 
LATCH 1


8-BIT
 SHIFT 


REGISTER


OUT0


REF0 (REF1)


(OUT1)


MAX517/MAX519


DECODE


ADDRESS
COMPARATOR


DAC1OUTPUT
LATCH 1


VDD


SCL
SDA


AD0 (AD2)
AD1 (AD3)


GND


MAX519 ONLY


(  ) ARE FOR MAX519
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The address byte and pairs of command and output
bytes are transmitted between the START and STOP con-
ditions. The SDA state is allowed to change only while
SCL is low, with the exception of START and STOP condi-
tions. SDA’s state is sampled, and therefore must remain
stable while SCL is high. Data is transmitted in 8-bit
bytes. Nine clock cycles are required to transfer the data
bits to the MAX517/MAX518/MAX519. Set SDA low dur-
ing the 9th clock cycle as the MAX517/MAX518/MAX519
pull SDA low during this time. RC (see Figure 3) limits the
current that flows during this time if SDA stays high for
short periods of time.


The START and STOP Conditions
When the bus is not in use, both SCL and SDA must be
high. A bus master signals the beginning of a transmis-
sion with a START condition by transitioning SDA from
high to low while SCL is high (Figure 5). When the mas-
ter has finished communicating with the slave, it issues
a STOP condition by transitioning SDA from low to high
while SCL is high. The bus is then free for another
transmission.


The Slave Address
The MAX517/MAX518/MAX519 each have a 7-bit long
slave address (Figure 6). The first three bits (MSBs) of
the slave address have been factory programmed and
are always 010. In addition, the MAX517 and MAX518
have the next two bits factory programmed to 1s. The
logic state of the address inputs (AD0 and AD1 on the
MAX517/MAX518; AD0, AD1, AD2, and AD3 on the
MAX519) determine the LSB bits of the 7-bit slave
address. These input pins may be connected to VDD or
DGND, or they may be actively driven by TTL or CMOS
logic levels. The MAX517/MAX518 have four possible
slave addresses and therefore a maximum of four of


MAX518


SDA SCL


µC


SDA
SCL


+5V


AD1
AD0


DUAL
DAC


MAX519


AD0
SDA


REF1
REF0


RC
1kΩ SCL


+4V
+1V


AD2
AD1


DUAL
DAC


SDA
SCL


AD1
AD0


SINGLE
DAC


MAX517


AD3


OUT0 OFFSET ADJUSTMENT


OUT1 GAIN ADJUSTMENT


OUT0 BRIGHTNESS ADJUSTMENT


OUT1 CONTRAST ADJUSTMENT


REF0 +2.5V


OUT0 THRESHOLD ADJUSTMENT


Figure 3.  MAX517/MAX518/MAX519 Application Circuit


SCL


SDA


tLOW


tHIGH


tFtR
tHD, STA


tHD, DAT


tHD, STA
tSU, DAT tSU, STA


tBUF


tSU, STO


START CONDITIONSTOP CONDITIONREPEATED START CONDITIONSTART CONDITION


Figure 2.  Two-Wire Serial Interface Timing Diagram
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these devices may share the bus. The MAX519 has 16
possible slave addresses. The eighth bit (LSB) in the
slave address byte should be low when writing to the
MAX517/MAX518/MAX519.


The MAX517/MAX518/MAX519 monitor the bus continu-
ously, waiting for a START condition followed by their
slave address. When a device recognizes its slave
address, it is ready to accept data.


The Command Byte and Output Byte
A command byte follows the slave address. Figure 7
shows the format for the command byte. A command
byte is usually followed by an output byte unless it is
the last byte in the transmission. If it is the last byte, all
bits except PD (power-down) and RST (reset) are


ignored. If an output byte follows the command byte,
A0 of the command byte indicates the digital address
of the DAC whose input data latch receives the digital
output data. Set this bit to 0 when writing to the
MAX517. The data is transferred to the DAC’s output
latch during the STOP condition following the transmis-
sion. This allows both DACs of the MAX518/MAX519 to
be updated simultaneously (Figure 8).


Setting the PD bit high powers down the MAX517/
MAX518/MAX519 following a STOP condition (Figure
9a). If a command byte with PD set high is followed by
an output byte, the addressed DAC’s input latch will be
updated and the data will be transferred to the DAC’s
output latch following the STOP condition (Figure 9b).


SCL


SDA


00 1 or
AD3


1 or
AD2


1 0AD1 AD0


LSB


ACK


SLAVE ADDRESS


Figure 6.  Address Byte


SLAVE ADDRESS BITS AD0, AD1, AD2, AND AD3 CORRESPOND TO THE LOGIC
STATE OF THE ADDRESS INPUT PINS.


LSBMSB
SDA


SCL


R2 R1 R0 RST PD


X X


A0/0 ACK


Figure 7.  Command Byte


R2, R1, R0: RESERVED BITS. SET TO 0.


RST:  RESET BIT,  SET TO 1 TO RESET ALL DAC REGISTERS.


PD:  POWER-DOWN BIT. SET TO 1 TO PLACE THE DEVICE IN THE 4µA SHUTDOWN
MODE. SET TO 0 TO RETURN TO THE NORMAL OPERATIONAL STATE.


A0:  ADDRESS BIT. DETERMINES WHICH DAC'S INPUT LATCH RECEIVES THE 8 BITS
OF DATA IN THE NEXT BYTE. SET TO 0 FOR MAX517.


ACK:  ACKNOWLEDGE BIT. THE MAX517/MAX518/MAX519 PULLS SDA LOW DURING
THE 9TH CLOCK PULSE.


X:  DON’T CARE.


START CONDITION STOP CONDITION


OUTPUT BYTECOMMAND BYTESLAVE ADDRESS BYTE


SCL


SDA
MSB MSB MSBLSB LSB LSBACK ACK ACK


Figure 4.  A Complete Serial Transmission


SCL


SDA


START CONDITION STOP CONDITION


Figure 5.  All communications begin with a START condition and
end with a STOP condition, both generated by a bus master.
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(                                          )


SDA


0


START
CONDITION


ADDRESS BYTE ACK


1 0


1
or


AD3


1
or


AD2AD1 AD0 0 00 00 0 0 0 0 0 0 011 1 1 1 1 1 1


STOP
CONDITION


COMMAND BYTE
(ADDRESSING DAC0)


ACK OUTPUT BYTE
(FULL SCALE)


ACK


DAC OUTPUT CHANGES HERE: 
DAC0 GOES TO FULL SCALE.


DAC0 INPUT LATCH
SET TO FULL SCALE(                          )


Figure 8a.  Setting One DAC Output (MAX517/MAX518/MAX519)


(                                                    )


SDA


SDA


0


START
CONDITION


ADDRESS BYTE ACK


ACK


1 0


1 
or


AD3


1 
or


AD2AD1 AD0 0 00 00 0 0 0 0 0 0


11 1 1 1 1 1 1 0


00 00 0 0 0 0 0 111 1 1 1 1 1 1


STOP
CONDITION


OUTPUT BYTE
(FULL SCALE)


COMMAND BYTE
(ADDRESSING DAC0)


ACK OUTPUT BYTE
(FULL SCALE)


ACK COMMAND BYTE
(ADDRESSING DAC1)


ACK


  DAC OUTPUTS CHANGE HERE:            
  DAC0 AND DAC1 GO TO FULL SCALE.  


DAC0 INPUT LATCH
SET TO FULL SCALE(                          )


(                          )DAC1 INPUT LATCH
SET TO FULL SCALE


Figure 8b.  Setting Both DAC Outputs (MAX518/MAX519)


SDA


0


START
CONDITION


ADDRESS BYTE ACK


1 0


1 
or


AD3


1
or


AD2 AD1 AD0 0 0 00 0 0 0 1
(PD)


(PD)


STOP
CONDITION


COMMAND BYTE ACK
DEVICE ENTERS
POWER-DOWN STATE(                               )


SDA


0


START
CONDITION


ADDRESS BYTE ACK


1 0


1
or


AD3


1
or 


AD2 AD1AD0 0 0 0 00 0 0 0 1 0 11 1 1 1 1 1 1


STOP
CONDITION


COMMAND BYTE
(ADDRESSING DAC0)


ACK OUTPUT BYTE
(FULL SCALE)


ACK


(a)


(b)


DEVICE ENTERS POWER-DOWN STATE.
DAC0 OUTPUT LATCH SET TO FULL SCALE. NOTE:  X = DON'T CARE


DAC0 INPUT LATCH
SET TO FULL SCALE.


X   X   X


X   X


(                            )(                                                          )
Figure 9.  Entering the Power-Down State
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Furthermore if the transmission’s last command byte
has PD high, the output latches are updated, but volt-
age outputs will not reflect the newly entered data
because the DAC enters power-down mode when the
STOP condition is detected. When in power-down, the
DAC outputs float. In this mode, the supply current is a
maximum of 20µA. A command byte with the PD bit low
returns the MAX517/MAX518/MAX519 to normal opera-
tion following a STOP condition, with the voltage out-
puts reflecting the output-latch contents (Figures 10a
and 10b). Because each subsequent command byte
overwrites the previous PD bit, only the last command
byte of a transmission affects the power-down state.


Setting the RST bit high clears the DAC input latches.
The DAC outputs remain unchanged until a STOP con-
dition is detected (Figure 11a). If a reset is issued, the


following output byte is ignored. Subsequent pairs of
command/output bytes overwrite the input latches
(Figure 11b). 


All changes made during a transmission affect the
MAX517/MAX518/MAX519’s outputs only when the
transmission ends and a STOP has been recognized. 


The R0, R1, and R2 bits are reserved and must be set
to zero. 


I2C Compatibility
The MAX517/MAX518/MAX519 are fully compatible
with existing I2C systems. SCL and SDA are high-
impedance inputs; SDA has an open drain that pulls
the data line low during the 9th clock pulse. Figure 12
shows a typical I2C application.


(                           )
(                   )


(                                        )


SDA


0


START
CONDITION


ADDRESS BYTE ACK


1 0


1
or


AD3


1
or


AD2 AD1AD0 0 0 0 0 0 1 0 0
(RST)


(RST)


STOP
CONDITION


COMMAND BYTE ACK


ALL OUTPUTS 
SET TO  0.


(                             )ALL INPUT LATCHES
SET TO  0.


ALL INPUT LATCHES
SET TO  0.


SDA


0


START
CONDITION


ADDRESS BYTE ACK


1 0


1
or


AD3


1
or


AD2 AD1 AD0 0 0 0 0 0 1 0 0 0


STOP
CONDITION


COMMAND BYTE ACK "DUMMY"
OUTPUT BYTE


ACK


(a)


(b)


DAC OUTPUTS SET TO 0 UNLESS 
CHANGED BY ADDITIONAL COMMAND 
BYTE/OUTPUT BYTE PAIRS.


NOTE: X = DON'T CARE


ADDITIONAL 
COMMAND BYTE/


OUTPUT BYTE PAIRS


X   X   X


X   X   X X   X   X   X   X   X   X   X


Figure 11.  Resetting DAC Outputs


(                       )
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ADDRESS BYTE ACK


1 0


1
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1 
or


AD2 AD1 AD0 0 0 00 0 0 0 0
(PD)


(PD)


STOP
CONDITION


COMMAND BYTE ACK
DEVICE RETURNS TO 
NORMAL OPERATION(                              )


DAC0 INPUT
LATCH SET TO 0.


SDA


0


START
CONDITION


ADDRESS BYTE ACK


1 0


1
or


AD3


1
or


AD2AD1 AD0 0 00 0 0 0 0 0000 0 0 0 0 0 0 0


STOP
CONDITION


COMMAND BYTE
(ADDRESSING DAC0)


ACK OUTPUT BYTE
(SET TO 0)


ACK


(a)


(b)


DEVICE RETURNS TO NORMAL OPERATION.
DAC0 SET TO 0.


NOTE:  X = DON'T CARE


X   X   X


X   X


(                                                         )
Figure 10.  Returning to Normal Operation from Power-Down
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Additional START Conditions
It is possible to interrupt a transmission to a device with
a new START (repeated start) condition (perhaps
addressing another device), which leaves the input


latches with data that has not been transferred to the
output latches (Figure 13). Only the currently addressed
device will recognize a STOP condition and transfer
data to its output latches. If the device is left with data in
its input latches, the data can be transferred to the out-
put latches the next time the device is addressed, as
long as it receives at least one command byte and a
STOP condition.


Early STOP Conditions
The addressed device recognizes a STOP condition at
any point in a transmission. If the STOP occurs during a
command byte, all previous uninterrupted command
and output byte pairs are accepted, the interrupted
command byte is ignored, and the transmission ends
(Figure 14a). If the STOP occurs during an output byte,
all previous uninterrupted command and output byte
pairs are accepted, the final command byte’s PD and
RST bits are accepted, the interrupted output byte is
ignored, and the transmission ends (Figure 14b).


Analog Section
DAC Operation


The MAX518 and MAX519 contain two matched volt-
age-output DACs. The MAX517 contains a single DAC.
The DACs are inverted R-2R ladder networks that con-
vert 8-bit digital words into equivalent analog output
voltages in proportion to the applied reference volt-
ages. The MAX518 has both DAC’s reference inputs
connected to VDD. Figure 15 shows a simplified dia-
gram of one DAC.


MAX517/MAX519 Reference Inputs
The MAX517 and MAX519 can be used for multiplying
applications. The reference accepts a 0V to VDD volt-


(                        )


(                       ) (                                                                                   )


SDA


0


START
CONDITION


ADDRESS BYTE
(DEVICE 0)


ACK


1 0 1 1 0 0 0 0 0 00 0 0 0 0 0 0 0 0 1 0 1 1 0 1 0 01


REPEATED START
CONDITION


STOP
CONDITION


COMMAND BYTE
ADDRESSING DAC0


COMMAND BYTE
(ADDRESSING DAC0)


ACK OUTPUT BYTE
(FULL SCALE)


ACK ADDRESS BYTE
(DEVICE 1)


ACK


DEVICE 0's
DAC0 INPUT LATCH


SET TO FULL SCALE.


DEVICE 1's DAC0
INPUT LATCH SET


TO FULL SCALE.


SDA
ACK ACKOUTPUT BYTE


(FULL SCALE)


ONLY DEVICE 1's DAC0 OUTPUT LATCH SET TO FULL 
SCALE. DEVICE 0's OUTPUT LATCH UNCHANGED.


1 1 1 1 1 1 1


0 0 0 0 0 0 0 0 00 11 1 1 1 1 1 1


Figure 13.  Repeated START Conditions


MAX518


SDA SCL


µC


SDA
SCL


E2 PROM
XICOR


X24C04


SDA
SCL


AD1
AD0


DUAL
DAC


SDA
SCL


AD1
AD0


SINGLE
DAC


+5V


MAX517


OUT0


OUT1


OUT0


Figure 12.  MAX517/MAX518/MAX519 Used in a Typical I2C
Application Circuit
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age, both DC and AC signals. The voltage at each REF
input sets the full-scale output voltage for its respective
DAC. The reference voltage must be positive. The
DAC’s input impedance is code dependent, with the
lowest value occurring when the input code is 55 hex or
0101 0101, and the maximum value occurring when the
input code is 00 hex. Since the REF input resistance
(RIN) is code dependent, it must be driven by a circuit
with low output impedance (no more than RIN ÷ 2000)
to maintain output linearity. The REF input capacitance
is also code dependent, with the maximum value
occurring at code FF hex (typically 30pF). The output
voltage for any DAC can be represented by a digitally
programmable voltage source as: VOUT = (N x VREF) /
256, where N is the numerical value of the DAC’s binary
input code.


Output Buffer Amplifiers
The DAC voltage outputs are internally buffered preci-
sion unity-gain followers that slew up to 1V/µs. The out-
puts can swing from 0V to VDD. With a 0V to 4V (or 4V
to 0V) output transition, the amplifier outputs typically
settle to 1/2LSB in 6µs when loaded with 10kΩ in paral-
lel with 100pF. The buffer amplifiers are stable with any
combination of resistive loads ≥2kΩ and capacitive
loads ≤300pF.


The MAX517/MAX518/MAX519 are designed for unipo-
lar-output, single-quadrant multiplication where the out-
put voltages and the reference inputs are positive with
respect to AGND. Table 1 shows the unipolar code.


Table 1. Unipolar Code Table


2R


R R R


2R 2R 2R 2R 2R


D0 D5 D6 D7


REF_*


GND


SHOWN FOR ALL 1s ON DAC


OUT_


*REF = VDD FOR THE MAX518


Figure 15.  DAC Simplified Circuit Diagram
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Figure 14.  Early STOP Conditions
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__________Applications Information
Power-Supply Bypassing and


Ground Management
Bypass VDD with a 0.1µF capacitor, located as close to
VDD and GND as possible. Careful PC board layout
minimizes crosstalk among DAC outputs, reference
inputs, and digital inputs. Figure 16 shows the suggest-
ed PC board layout to minimize crosstalk.


When using the MAX518 (or the MAX517/MAX519 with
VDD as the reference), you may want to add a noise fil-
ter to the VDD supply (Figure 17) or to the reference
input(s) (Figure 18), especially in noisy environments.
The reference input’s bandwidth exceeds 1MHz for AC
signals, so disturbances on the reference input can
easily affect the DAC output(s).


The maximum input current for a single reference input
is VREF/16kΩ = IREF (max). In Figure 17, choose RF so
that changes in the reference input current will have lit-
tle effect on the reference voltage. For example, with RF
= 6Ω, the maximum output error due to RF is given by:


6Ω x IREF (max) = 1.9mV or 0.1LSB


In Figure 18, there is a voltage drop across RF that
adds to the TUE. This voltage drop is due to the sum of
the reference input current (VREF/16kΩ maximum), sup-
ply current (6mA maximum), and the amplifier output
current (VREF/RLOAD). Choose RF to limit this voltage
drop to an acceptable value. For example, with a 10kΩ
load, you can limit the error due to RF to 0.5LSB
(9.8mV) by selecting RF so that:


RF = VRF / IRF ≤ 9.8mV / (5V / 16kΩ + 6mA + 
5V / 10kΩ)


RF ≤ 1.4Ω


OUT1


REF0


N.C.


REF1


OUT0


N.C.


N.C.


GND


SYSTEM GND


Figure 16.  PC Board Layout for Minimizing MAX519 Crosstalk
(bottom view)


Figure 17.  Reference Filter When Using VDD as a Reference
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0.1µF
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+5V
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REF_


RF


CF
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Figure 18.  VDD Filter When Using VDD as a Reference
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__Ordering Information (continued)


*Dice are specified at TA = +25°C, DC parameters only.
**Contact factory for availability and processing to MIL-STD-883.


MAX517BMJA -55°C to +125°C 8 CERDIP** 1.5


MAX517BEPA -40°C to +85°C 8 Plastic DIP 1.5


MAX517AEPA -40°C to +85°C 8 Plastic DIP 1


MAX518ACPA 0°C to +70°C 8 Plastic DIP 1


1.516 CERDIP**-55°C to +125°C
1.516 Narrow SO-40°C to +85°CMAX519BESE
116 Narrow SO-40°C to +85°CMAX519AESE


1.516 Plastic DIP-40°C to +85°CMAX519BEPE
116 Plastic DIP-40°C to +85°CMAX519AEPE


1.5Dice*0°C to +70°CMAX519BC/D
1.516 Narrow SO0°C to +70°CMAX519BCSE
116 Narrow SO0°C to +70°CMAX519ACSE


1.516 Plastic DIP0°C to +70°CMAX519BCPE
116 Plastic DIP0°C to +70°CMAX519ACPE


1.58 CERDIP**-55°C to +125°CMAX518BMJA
1.58 SO-40°C to +85°CMAX518BESA
18 SO-40°C to +85°CMAX518AESA


PART TEMP RANGE PIN-PACKAGE
TUE


(LSB)


MAX518BCPA


MAX518ACSA 0°C to +70°C


0°C to +70°C 8 Plastic DIP


8 SO


1.5


1


MAX518BCSA


MAX518BC/D


MAX518AEPA -40°C to +85°C


0°C to +70°C


0°C to +70°C 8 SO
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1.5


1.5


1
MAX518BEPA -40°C to +85°C 8 Plastic DIP 1.5
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9
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8
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_____Pin Configurations (continued)
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ASL1600 Product Summary 


The ASL1600 Liquid Mass Flow Meter enables 
extremely fast and accurate measurements of ultra low 
liquid mass flows. This  particularly small and light device 
operates with total media isolation, hardly any dead 
volume and no moving parts. The unique performance of 
this Swiss made device is based on Sensirion’s 
unsurpassed CMOSens® sensor technology which 
combines a high precision thermal sensor element with 
the amplification and A/D converter circuit and digital 
signal processing on one single CMOS chip. This results 
in superior resolution, fast response time and large 
dynamic range at low power consumption.  
All measurement data is fully calibrated and temperature 
compensated by means of an internal microcontroller.


Excellent chemical resistance and bio-compatibility are  
ensured. The medium only gets in contact with the 
straight sensor capillary made of Duran®- (borosilicate 
glass 3.3), with the PEEK™-fittings and with Teflon® 
used as sealing material. Typical applications for this 
sensor include precise liquid mass flow and volume 
measurement for analytical instruments, medical 
devices, process control.  
The ASL1600 requires a supply voltage of 7…18 VDC 
and provides an RS-232 compliant digital interface.


CMOSens® Technology 


 CMOSens® is the base technology for all Sensirion 
microsensor products. The unification of CMOS and 
sensor technology serves as a platform for highly 
integrated system solutions with excellent sensor 
precision and reliability. Inside the ASL1600 the on-chip 
sensor element forms an integrated whole with a high-
end amplification A/D converter circuit. Due to this  
compact single-chip design, CMOSens® based sensors 
are very resistant to electromagnetic disturbances (EMC), 
another important technical advantage of this state of the 
art sensor technology. As a result, CMOSens® based 
sensor modules offer excellent sensor precision, fast 
response time and a very large dynamic measurement 
range. In addition, the digital intelligence of the 
CMOSens® sensor technology enables digital interfaces 
that permit an easy link with the system of the customer, 


a real advantage and benefit that results in ready-to-use 
problem solutions. 
The core element of CMOSens® liquid mass flow 
sensors is formed  by mounting the highly sensitive 
microchip on the outside of a straight glass capillary (US 
Patent 6,813,944 B2). The liquid mass flow in the 
capillary is measured through the tubing material 
guaranteeing a total media isolation. 
 
 
 
 
 
 
 
 
 


Enlarged View  
 


 
Digital Signals from Chip 


CMOS Sensor Chip 
Calorimetric Sensing Principle 
Measure through tubing material 


 
         Sensor Capillary 
 


May 2009 V1.1 


− Totally non-invasive  
− Maximum flows up to 4 ml/min  
− Resolutions down to 100 nl/min 
− Response time 30 ms 
− RS-232 digital interface 
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1 Liquid Mass Flow Sensor Performance  


Table 1: Overview ASL1600 Liquid Flow Sensor Performance (all data for 23°C, 1 barabs unless otherwise noted). 
 


Parameter Condition ASL1600-10 ASL1600-20 Units 


Liquid Flow Sensor  


Maximum Flow (bi-directional)  1000 4000 µl/min 


Calibrated Minimum Flow   40 200 µl/min  


Flow ≥ Calibrated Minimum Flow 3.0 a,d   3.0 a,d % of measured value Accuracy d 
 Flow ≤ Calibrated Minimum Flow 0.15 a,d  0.15 a,d % of full scale 


Best Resolution b at calibrated min.  flow  0.1 0.3 d µl/min 


 at maximum flow 1.5 5.0 µl/min 


Pressure Drop at maximum flow <100 <100 Pa c 


Repeatability    reference conditions d <0.8 <0.8 % of measured value 


Overpressure related Offset   0 0 % FS / bar 


Overpressure Resistance e  5 3 bar d 


Flow Detection Response Time  30 30 ms 


Digital Sampling Time 
(Data Readout) 


depends on resolution 
setting (see Table 2) 


5 5 ms 


Operating Temperature avoid freezing +0…+60 +0…+60 °C 


25%…75% of max. flow <0.2 <0.2 % MV  / K 
Temperature Coefficient 


<25% or >75% of max flow <0.4 <0.4 % MV  / K 


Mounting Orientation 
Sensitivityf 


 <1.5  <3 % of full scale 


Temperature Sensor Measures temperature inside the sensor chip, but not of the surrounding air g 


Dynamic Range  +10…50 +10…50 °C 


Resolution  0.1 0.1 °C 


Accuracy  3 3 °C 
 


Table 2: Resolution at Different Flow Levels and Integration Times C  


                                                           
a Better available on request. For best results allow the sensor to warm up. 
b See Table 2 
c 1 bar = 100 000 Pa = 0.9869 atm = 401.9 inch H2O = 14.5 psi 
d Reference conditions: 1 barabs, T= 20°C, medium H2O, vertical mounting (electrical connector up) 
e Overpressure in operation; High overpressure resistance for OEM-solutions on request 
f For low flow measurements with high accuracy vertical mounting position (connector up) is recommended 
g The chip warms up by about 4K (depending on supply voltage and ventilation) 
 


Sensor Resolution 
Readout 
Frequency 
200 Hz 


Readout 
Frequency 
50 Hz 


Readout 
Frequency 
12.5 Hz 


Readout 
Frequency 
1.56 Hz 


 


Best Resolution to be multiplied by ... 64 16 4 1 


     


Mass Flow Integration Time 5 ms 20 ms 80 ms 640 ms 
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1.1 Sensor Principle and Liquid Media 
The ASL1600 device detects liquid mass flow by 
measuring heat transfer through the tubing material of 
a glass capillary. On a microchip outside the capillary, 
a heating resistor on a thermally optimized membrane 
is kept above ambient temperature. In the presence 
of liquid flow inside the capillary, the temperature 
distribution up- and downstream is disturbed. This 
asymmetry is then measured. Due to the minimal 
thermal mass of the system, symmetrical 
arrangement, and accurate temperature 
measurement, the revolutionary specifications of the 
ASL1600 devices are achieved while providing total 
media isolation. 
The above-mentioned thermal principle depends on 
the physical properties of the liquid used. The 
ASL1600 is calibrated for water only but the use of 
other liquids is also possible. The sensor guarantees 
an outstanding repeatability for a wide range of 
different media though offset, sensitivity and 
measurement range may change. It is recommended 
to characterize the sensor output separately when 
starting to perform such measurements. Units 
calibrated directly for other liquid types are available 
on request when high volumes are needed. 
 
 


1.2 ASL1600 Transfer Characteristics 
Figure 1 shows the applied liquid flow vs. the digital 
output of the ASL1600-20. The characteristics is 
linear for the medium water. Beyond the limits of the 
output (ca. calibrated maximum flow + 10%), the 
signal remains constant. 
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Figure 1: ASL1600 transfer characteristics  
for H2O calibrated output 


 
 


 


1.3 Raw Data Mode 
For applications where high repeatability is most 
important and different types of media are used, the 
sensor can be switcheda to raw data mode. By doing 
this non-linear effects can be monitored without 
influence of the internal calibration data. 
Figure 2 shows the applied liquid flow vs. the digital 
output of the ASL1600 in raw data mode.  
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Figure 2: Qualitative transfer characteristics of 
ASL1600 in raw data mode. 


 
 
 


1.4 Offset  
After exposing the sensor to extreme conditions or 
when using other media than water a slight offset on 
the sensor output may occur. In this case an offset 
correctiona may be useful if best accuracy is needed. 
 
 


                                                           
a Ask for support for this operation 
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2 Digital Interface and Power Supply 


For communication and power supply the ASL1600 is 
equipped with a 4-pin M8 connector IEC 60947-5-2 
(e.g. Hirschmann E Series M8). (Pigtail cables for this 
connector are available at Sensirion. Refer to article 
number  1-100136-01) 
 
 
 
 
 
 
 


Figure 3: Connector for RS232 and power 
supply with pinout view from outside 


 


Pin Description 


1 VDD 


2 TxD  (Sensor Transmitting Data) 


3 RxD  (Sensor Receiving Data) 


4 GND (Ground) 


 
 
 


GND and VDD (Power Supply) 
The ASL1600 requires a voltage supply of between 
7V and 18 V. Since this voltage is internally regulated, 
there are no stringent requirements as far as ripple 
and stability are concerned. 


2.1 Digital Interface Dataformat  
The ASL1600 has a bi-directional RS-232 interface to 
set configuration and to get flow or temperature 
values. The received value is a 16 bit integer in the 
two's complement representation.  
received 
value (hex) 


received 
value (dec) 


flow 
[µl/min] 


temperature 
[°C] 


0x7EFF 32511 +1548.140 +320.00* 


    


0x0001 1 +0.0476 0.01 


0x0000 0 0.0000 0.00  


0xFFFF -1 -0.0476 -0.01 


    


0x8101 -32511 -1548.140 -320.00* 


*not possible value, just to show the principle 


Table 3: Interpretation of integer values 
 
The calibrated data is multiplied by a constant factor  
and then rounded to the next smaller integer in order 
to transfer also fractions of a unit through the integer 
protocol. Example: with factor=21 a received value of 


+1234 (dec) corresponds either to 58.76 µl/min in 
flow mode or 12.34 °C in temperature mode. Always 
use the ‘info’ command to determine individual values 
of your sensor. (see Table 5) 
 


RS-232 Interface 
All configurations (see also Section 3) for the 
ASL1600 can be set using its RS-232 interface. The 
following pins are required to communicate with the 
ASL1600 via RS-232: 
 
RxD (Receiving Data Line) 
TxD (Transmitting Data Line) 
GND (Ground) 
 


The RS-232 protocol of the ASL1600 is configured as 
follows: 
Baud Rate 19200 
Data Bits  8 
Stop Bits  1 
Parity  none 
Protocol  none 
Echo  the sensor generates an echo 


 
With these settings, the ASL1600 device can be 
connected to any PC or device with an RS-232. The 
commands have to be sent in ASCII format, the 
measurement values are provided as a 16 bit integer 
in binary format with 2 bytes synchronization 
preceding.  


 
 
 
 
 
 


Figure 4: Byte sequence of one value 
 
Because of the maximum range of 0x7EFF, the high 
byte will never  contain 0x7F. So, the worst case is, if 
the lower byte contains 0x7F. In this special case, 
0x7F appears three times in a row. 
Example (val=7C 7F): 


received string: 7F 7F 7C 7F 7F 7F 7C 7F 
right sync: 7F 7F 7C 7F 7F 7F 7C 7F 


 wrong sync:                 7F 7F 7F 7C 
 
The best approach to find the sync in pseudo code: 
if (buffer[ i ]=7F and buffer[i+1]=7F and buffer[i+2] <> 7F) 
then buffer[i] and buffer[i+1] are sync bytes. 
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3 Configuration and Commands  


The ASL1600 device accepts a set of commands 
through its RS-232 interface (see 0 for valid 
commands; for correct settings of the RS-232 refer to 
Section 2.1). This allows the user to configure the 
ASL1600 device. Since the configuration is stored in 
the internal EEPROM, it is maintained after power 
interruptions.  
With the exception of the stop s command, all 
commands have to be sent in the ASCII-format and 


terminated by the return key (↵, ASCII #10 or #13; 
never #10 and #13).  After completion of a command, 
the ASL1600 returns ok and is ready to  accept a new 
instructiona. Before entering a command, it might be 


necessary to clear the buffer by means of using ↵.  
There is a trade-off between resolution and 
measurement time. Possible settings are listed in 
Table 4. For example, choosing 12 bit resolution 


results in a measurement interval of 80 ms. With the 
max resolution of 15 bit, a new measurement is 
provided every 640 ms.  
 
Table 4: Resolution settings using the res=value 
command and corresponding response times  


res= 
Resolution 


[bit] 


Internal signal 
integration time 


[ms] 


Data rate 
[Hz] 


0 8 5 200 


1 9 10 100 


2 10 20 50 


3 11 40 25 


4 12 80 12.5 


5 13 160 6.25 


6 14 320 3.125 


7 15 640 1.56 


 
 


 
Notes: 


• Due to the limited write cycles allowed (lifetime limitation: 1 Mio cycles) for the EEPROM, excessive configuration 
modifications should be avoided. Even the get-command underlies this limitation. 


• The commands are not case sensitive. 


                                                           
a The commands mod?, res? and int? do not return ok 


Table 5: RS-232 interface commands 


Command Output Description 


help↵ commands Lists all available commands 


ver↵ version Provides type of sensor, firmware version and article number 


info↵ calibration Unit / Factor Flow / Overflow / Sensitivity / Factor Temperature 


data↵ serial ID Sensor serial number 


go↵  Starts series of measurements 


s stop Stops series of measurements 


get↵  Start single measurement (lifetime limitation: 1 Mio cycles) 


mod=F | T↵a mode Selects flow- (F) or temperature mode (T), (mod? = Status) 


res=0..7↵ a resolution Sets resolution: 0 -> 8 bits; 7 -> 15 bits, see Table 4, (res? = Status) 


int=x↵a  x=number of 5 ms intervals between automatic internal temperature measurements for
an update of the temperature compensation (duration: 45 ms). 0=never, {1..2*109}. 
 (INT? = Status).  Flow is NOT measured during this internal temperature update! 


updatetemp↵ 
 


Manual command for an internal temperature measurement for internal update of the 
temperature compensation. Used with int=0 


rdatax↵  Reads 4 user defined bytes at the address x={0,…,9} 


wdatax=yyyy↵  Writes a maximum of 4 user defined bytes at the address x={0,…,9} 


test↵  Sensor selftest 


reset↵  Resets ASL1600 device 


pw=expand  Switch security mode off. Allows selecting raw data mode. 


raw= 1 | 0  Selects data mode: 1=raw data, 0 = linearized, temp. compensated data  
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• In order to send a new command to the ASL1600, make sure the ASL1600 is not in measurement mode. Issue 
therefore a stop command s first. After this, any instruction can be given to the ASL1600 and a new series of  


measurements can be started by go↵. 
 


RS232 Communication Error Codes 
 
ERROR 01 Invalid command 
ERROR 02 Wrong syntax 
ERROR 03 Value out of range 
ERROR 04 Not allowed mode 
ERROR 50 Invalid EEPROM 
ERROR 99 Internal error 
 
 
 
 


4 Electrical and Mechanical Specifications ASL1600 


4.1 Absolute Maximum Ratings 
Ambient storage temperature -10°C to 60°C 
Ambient operating temperature 0°C to 60°C 
Overpressure resistance  5.0 bar 


4.2 Electrical Specifications 
 
Table 6: ASL1600 DC Characteristics. 


Parameter Conditions Min. Typ. Max. Units 


Power Supply DC DC, abs. maximum rating 7 9 18 V 


VDD = 9 V, no load  20  mA 
Operating Current 


VDD = 9 V, 3kΩ at RS232 output  27  mA 


Power Dissipation VDD = 9 V, no load  180  mW 


 
 
Table 7: ASL1600 RS-232 Characteristics. 


Parameter Conditions Min. Typ. Max. Units 


RS232 Output      


Output Voltage Swing 
Transmitter output loaded  


   with 3kΩ  


±5 ±9 
 


V 


Power-Off Output Resistance  300   Ω 


Output Short Circuit Current   ±18  mA 


RS-232 Input  


Voltage Range abs. maximum rating -15  15 V 


Voltage Threshold  


Low  0.8 1.2  V 


High   1.7 2.4 V 


Hysteresis  0.2 0.5 1.0 V 


Resistance  3 5 7 kΩ 
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4.3  Mechanical Specifications 
Wetted Materials 
The medium only gets in contact with the straight sensor capillary made of Duran®- (borosilicate glass 3.3), with the 
PEEK™-fittings and with Teflon® used as sealing material. 
 


5 Physical Dimensions  


The ASL1600 housing is made of chemically inert PBT. For physical dimensions see Figure 5: 
 
Figure 5:            ASL1600-10                                              ASL1600-20 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 


6 Ordering Information 


For laboratory use and technology evaluation, the 
LabKit ASL1600 can be ordered. 
This laboratory-package contains  


- Liquid Flow Sensor ASL1600-10/20 
- UNF10-32 Fitting Material 
- PC Software (Viewer & Data Export Tool) 
- Data Cable RS232 
- A/C Adaptor (110…230 V, 50..60Hz)  


 


For OEM applications the sensor can be purchased in 
larger quantities without any additional parts. 
 


Product Article Number 


LabKit ASL1600-20 1-100421-01 


ASL1600-20 1-100423-01 


LabKit ASL1600-10 1-100422-01 


ASL1600-10 1-100420-01 


 


Table 8: Mechanical Specifications 


Parameter Conditions ASL1600-10 ASL1600-20 Units 


Fluid Connectors  UNF 10-32 2B  


Connected Fluid Capillary, Inner Diameter See Remark Below  ≥0.5 ≥0.8 mm 


1.6 1.6 mm 
Connected Fluid Capillary, Outer Diameter  


1/16 1/16 inch 


Internal Sensor Capillary, Inner Diameter  1.0 2.0 mm 


Total Mass  36 g 


      


Remark 


The inner diameter of the connected fluid capillary at the inlet of the ASL1600 must not be smaller than 
the specified value above. A smaller inner diameter may cause turbulences which influence the accuracy 
of the measurement. Make sure the capillary has been cut in the right way without squeezing. ! 


Positive Flow Direction 
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7 Important Notices 


7.1 Warning, personal injury 
Do not use this product as safety or emergency stop devices or in 
any other application where failure of the product could result in 
personal injury. Do not use this product for applications other than 
its intended and authorized use. Before installing, handling, using 
or servicing this product, please consult the data sheet and 
application notes. Failure to comply with these instructions could 
result in death or serious injury. 
If the Buyer shall purchase or use SENSIRION products for any 
unintended or unauthorized application, Buyer shall defend, indemnify 
and hold harmless SENSIRION and its officers, employees, 
subsidiaries, affiliates and distributors against all claims, costs, damages 
and expenses, and reasonable attorney fees arising out of, directly or 
indirectly, any claim of personal injury or death associated with such 
unintended or unauthorized use, even if SENSIRION shall be allegedly 
negligent with respect to the design or the manufacture of the product. 


7.2 ESD Precautions 
The inherent design of this component causes it to be sensitive to 
electrostatic discharge (ESD). To prevent ESD-induced damage and/or 
degradation, take customary and statutory ESD precautions when 
handling this product. 
See application note “ESD, Latchup and EMC” for more information. 


7.3 Warranty 
SENSIRION warrants solely to the original purchaser of this product for 
a period of 12 months (one year) from the date of delivery that this 
product shall be of the quality, material and workmanship defined in 
SENSIRION’s published specifications of the product. Within such 
period, if proven to be defective, SENSIRION shall repair and/or replace 
this product, in SENSIRION’s discretion, free of charge to the Buyer, 
provided that: 


• notice in writing describing the defects shall be given to 
SENSIRION within fourteen (14) days after their appearance;  


• such defects shall be found, to SENSIRION’s reasonable 
satisfaction, to have arisen from SENSIRION’s faulty design, 
material, or workmanship;  


• the defective product shall be returned to SENSIRION’s 
factory at the Buyer’s expense; and 


• the warranty period for any repaired or replaced product shall 
be limited to the unexpired portion of the original period. 


This warranty does not apply to any equipment which has not been 
installed and used within the specifications recommended by 
SENSIRION for the intended and proper use of the equipment. EXCEPT 
FOR THE WARRANTIES EXPRESSLY SET FORTH HEREIN, 
SENSIRION MAKES NO WARRANTIES, EITHER EXPRESS OR 
IMPLIED, WITH RESPECT TO THE PRODUCT. ANY AND ALL 
WARRANTIES, INCLUDING WITHOUT LIMITATION, WARRANTIES 
OF MERCHANTABILITY OR FITNESS FOR A PARTICULAR 
PURPOSE, ARE EXPRESSLY EXCLUDED AND DECLINED. 
SENSIRION is only liable for defects of this product arising under the 
conditions of operation provided for in the data sheet and proper use of 
the goods. SENSIRION explicitly disclaims all warranties, express or 
implied, for any period during which the goods are operated or stored 
not in accordance with the technical specifications. 
SENSIRION does not assume any liability arising out of any application 
or use of any product or circuit and specifically disclaims any and all 
liability, including without limitation consequential or incidental damages. 
All operating parameters, including without limitation recommended 
parameters, must be validated for each customer’s applications by 


customer’s technical experts. Recommended parameters can and do 
vary in different applications. 
SENSIRION reserves the right, without further notice, (i) to change the 
product specifications and/or the information in this document and (ii) to 
improve reliability, functions and design of this product. 
 
Copyright© 2001-2009, SENSIRION. 
CMOSens® is a trademark of Sensirion 
All rights reserved. 
 
PEEK™ is a trademark of Victrex PLC 
Teflon® is a registered trademark of DuPont Corporation 
Duran® is a trademark of the SCHOTT-Group 


7.4 FCC and CE Statement 
This product has been tested and found to comply with the limits for a 
Class B digital device, pursuant to part 15 of the FCC Rules (FCC CFR 
47). These limits are designed to provide reasonable protection against 
harmful interference in a residential installation. This equipment 
generates, uses and can radiate radio frequency energy and, if not 
installed and used in accordance with the instructions, may cause 
harmful interference to radio communications. However, there is no 
guarantee that interference will not occur in a particular installation. If 
this equipment does cause harmful interference to radio or television 
reception, which can be determined by turning the equipment off and on, 
the user is encouraged to try to correct the interference by one of more 
of the following measures: 
 


• Reorient or relocate the receiving antenna. 


• Increase the separation between the equipment and the 
receiver 


• Connect the equipment into an outlet on a circuit different 
from that to which the receiver is connected. 


• Consult a dealer or an experienced radio/TV technician for 
help. 


 
 
 
 
The devices fully comply with norm EN 50081-2 (Emission Test Series) 
as well as EN 50082-2 (Immunity Test Series).  


7.5 RoHS and WEEE Statement 
The ASL1600 product family complies with requirements of the following 
directives: 


• EU Directive 2002/96/EC on waste electrical and electronic 
equipment(WEEE), OJ13.02.2003; esp. its Article 6 (1) with 
Annex II. 


• EU Directive 2002/95/EC on the restriction of the use of 
certain hazardous substances in electrical and electronic 
equipment (RoHS), OJ 13.02.2003; esp. its Article 4. 
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Headquarter and Sales Office 


SENSIRION AG Phone: +41 44 306 40 00 
Laubisruetistr. 50 Fax: +41 44 306 40 30 
CH-8712 Staefa ZH info@sensirion.com   
Switzerland http://www.sensirion.com 


SENSIRION Korea Co. Ltd. Phone: +82-31-440-9925~27 
#1414, Anyang Construction Tower B/D, Fax: +82-31-440-9927 
1112-1, Bisan-dong, Anyang-city, info@sensirion.co.kr 
Gyeonggi-Province, South Korea http://www.sensirion.co.kr  


SENSIRION Inc. Phone: +1 805 409 4900 
Westlake Pl. Ctr. I, suite 204 Fax: +1 805 435 0467 
2801 Townsgate Road michael.karst@sensirion.com  
Westlake Village, CA  91361 http://www.sensirion.com  
USA 


SENSIRION China Co. Ltd.       Phone:    +86 755 8252 1501 
Room 2411, Main Tower  Fax:        +86 755 8252 1580 


Jin Zhong Huan Business Building,  info@sensirion.com.cn  
Futian District, Shenzhen, PR China http://www.sensirion.com.cn 
Postal Code 518048 


SENSIRION Japan Phone: +81 3-3444-4940 
Sensirion Japan Co. Ltd. Fax: +81 3-3444-4939 
Shinagawa Station Bldg. 7F info@sensirion.co.jp 
4-23-5 Takanawa http://www.sensirion.co.jp  
Minato-ku, Tokyo, Japan 


 


 
Find your local representative at: http://www.sensirion.com/reps  
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Features/Benefits
• Compact size—small footprint


• Single and double pole models


• PC and panel mount
options available


• RoHS compliant models available


Typical Applications
• Hand-held telecommunications


• Instrumentation


• Medical equipment


Specifications
CONTACT RATING: B contact material: 0.4 VA max. @ 20 V AC or


DC max. Q contact material (TX01 models): 3 AMPS @
120 V AC or 28 V DC. All other models: 2 AMPS @
120 V AC or 28 V DC. See page F-42 for additional ratings.


ELECTRICAL LIFE: TX01 models: 60,000 make-and-break
cycles at full load. All other models: 30,000 cycles.


CONTACT RESISTANCE: Below 20 m Ω typ. initial @
2-4 V DC, 100 mA, for both silver and gold plated contacts.


INSULATION RESISTANCE: 109 Ω min.
DIELECTRIC STRENGTH: 1000 Vrms min. @ sea level.
OPERATING TEMPERATURE: –30ºC to 85ºC.
SOLDERABILITY: Per MIL-STD-202F method 208D, or


EIA RS-186E method 9 (1 hour steam aging).


NOTE: Any models supplied with P, R, Q, B or G contact material are RoHS compliant 
and compatible. 


NOTE: Specifications and materials listed above are for switches with standard options.
For information on specific and custom switches, consult Customer Service Center.


Materials
CASE: Glass filled nylon 6/6, flame retardant, heat stabilized or


diallyl phthalate (DAP), (UL 94V-0) or glass filled nylon 4/6, flame
retardant, heat stabilized.


ACTUATOR: Brass, chrome plated.
BUSHING: Brass, nickel plated.
HOUSING: Stainless steel.
SWITCH SUPPORT: Brass, matte-tin plated.
END CONTACTS: B contact material: Copper alloy, with gold plate


over nickel plate. Q contact material: Coin silver, silver plated.
See above for additional contact materials.


CENTER CONTACTS & TERMINALS: B contact material: Copper alloy,
with gold plate over nickel plate. Q contact material: Copper alloy,
silver plated. See page F-42 for additional contact materials.


TERMINAL SEAL: Epoxy.
HARDWARE: Nut & Locking Ring: Brass, nickel plated.


Lockwasher: Steel, nickel plated. Additional hardware available
separately, see Section N.


Build-A-Switch
To order, simply select desired option from each category and place in the appropriate box. Available options are shown and
described on pages F-38 thru F-42. For additional options not shown in catalog, consult Customer Service Center. All models
have epoxy terminal seal and are compatible with all “bottom-wash” PCB cleaning methods.


Switch Function
T101 SPDT On-None-On
T102 SPDT Off-None-On
T103 SPDT On-Off-On
T105 SPDT Mom.-Off-Mom.
T107 SPDT On-Off-Mom.
T108 SPDT On-None-Mom.
T201 DPDT On-None-On
T203 DPDT On-Off-On
T205 DPDT Mom.-Off-Mom.
T207 DPDT On-Off-Mom.
T208 DPDT On-None-Mom.
T211 DPDT On-On-On.


Actuator
P3 Flatted,


anti-rotation,
.490" high


S .370" high
K Locking lever, round tip
L1 .620" high
M1 .220" high
S1 .410" high
M .210" high
L .290" high


Terminations
A Right angle, PC thru-hole
AV Vertical right angle,


PC thru-hole
C PC Thru-hole
V3 Vertical mount V-bracket
Z Solder lug
W Wire wrap


Bushing
H .220" high, threaded, flat
H9 .220" high, unthreaded, flat
CF Splashproof, .310" high, threaded, flat
D9 .260" high, unthreaded, keyway
T .310" high, threaded, flat
T9 .310" high, unthreaded, flat
TD .260" high, threaded, keyway
TK .310" high, threaded, keyway
Y .220" high, threaded, keyway
Y9 .220" high, unthreaded, keyway Contact Material


B Gold
P Gold, matte tin
Q Silver
G Gold over silver
R Gold over silver, matte-tin


Seal
E Epoxy


Models Available
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SWITCH FUNCTION


DPDT


MOM. = Momentary


All models with all options when ordered with G, L, R or Q contact material.


G–37


Dimensions are shown: IN (mm)
Specifications and dimensions subject to change


www.ittcannon.com


SPDT


SPST


2-1


2-1 


3-1 


N/A


OPEN 


N/A


2-3 


2-3 


OPEN 


ON NONE ON


ON OFF ON


MOM. OFF MOM.


ON OFF MOM.


OFF NONE ON


T101 


T103 


T105 


T107 


T102 


SP


SCHEMATIC


CONNECTED TERMINALS


POS. 1 POS. 2 POS. 3


SWITCH FUNCTION


POS. 1 POS. 2 POS. 3


MODEL 
NO.


NO.
POLES C&K marking on opposite sideC&K marking on opposite side


T108 2-1 NA 2-3 MOM.NONEON


.338
(8,57)


SPDT


Part number shown: T101SHZQE


.338
(8,57)


DPDT


2-1,5-4


2-1,5-4


N/A


OPEN 


2-3,5-6


2-3,5-6


ON NONE ON


MOM. OFF MOM.


T201 


T205 DP


T203 ON OFF ON


T208 


T211* 


ON NONE MOM. 2-1,5-4N/A2-3,5-6


2-1,5-42-3,5-6 2-3,5-4ON ON ON.


SCHEMATIC


CONNECTED TERMINALS


POS. 1 POS. 2 POS. 3


SWITCH FUNCTION


POS. 1 POS. 2 POS. 3


MODEL 
NO.


NO.
POLES C&K marking on opposite sideC&K marking on opposite side


Terminal Nos.
For Reference OnlyPart number shown: T201SHZQE
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ACTUATOR


BUSHING


2


Locking Positions


–01 & –02 Models
2 Position lock


–03 & –11 Models
3 Position lock


–08 Models
1 Position lock


2


21


H .220" HIGH THREADED, FLAT Y .220" HIGH THREADED, KEYWAY T .310" HIGH THREADED, FLAT


H9 .220" HIGH UNTHREADED, FLAT Y9 .220" HIGH UNTHREADED, KEYWAY T9 .310" HIGH UNTHREADED, FLAT


L1 .620" HIGHL .290" HIGH


K LOCKING LEVER


P3 ANTI-ROTATION, FLATTED,
.450" HIGH


S .370" HIGHM .210" HIGH M1 .220" HIGH
(with “T” bushing)


S1 .410" HIGH
(with “T” bushing)


Available with T & T9 bushings only. 
Dress nut part number 709901201
supplied standard with threaded bushing.


1 Actuator shown with standard H bushing.
Subtract .040 (1,02) for TD and D9 bushings,
subtract .090 (2,29) for T, T9, TK, K9 & 
CF bushings.
2 Actuators shown with T, T9, TK & CF bushings,
add .050 (1,27) for TD and D9 bushings, 
add .090 (2,29) for H, H9, Y & Y9 bushings.


All actuators have chrome finish (except K).


Not available with CF bushing option.


Bushing option code not required. Not available with TX05 & TX07 models.


K actuators have natural aluminum finish.


Keyway on right side. To prevent accidental actuation, toggles
must be lifted before being actuated. When released, toggles
again lock in place. Overtightening mounting nut may cause
actuator to bind.


H standard with C, W & Z terminations.
H9 standard with A, AV & V3 terminations.


Standard with Z, C or W terminations.Standard with A, AV or V3 terminations.


1


.214
(5,44)


1
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Specifications and dimensions subject to change
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BUSHING


TERMINATIONS


PANEL MOUNTING10-48 BUSHING


Without Locking Ring


With Standard Locking Ring


1/4 IN. BUSHING


With Standard Locking Ring


Without Locking Ring


With Small Locking Ring


Without Locking Ring


Without Locking Ring


SP DP


PC MOUNTING


T102 – omit center hole.


SP DP


SP DP


TK .310" HIGH THREADED, KEYWAY


Z SOLDER LUG


W WIRE WRAP


C PC THRU-HOLE


TD .260" HIGH THREADED, KEYWAY


D9 .260" HIGH UNTHREADED, KEYWAY


CF SPLASHPROOF, .310" HIGH THREADED, FLAT


IP67 Degree of protection.
Internal o-ring actuator seal and
external bushing seal washer standard.


Not available with K locking lever option.


Not available with P or R contact materials.
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Dimensions are shown: Inches (mm)
Specifications and dimensions subject to change
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TERMINATIONS


Actuator Shown In Pos. 1


PC MOUNTING


Actuator Shown In Pos. 1


.214
(5,44)


.022
(0,56)


.128
(3,25)


PC MOUNTING


Actuator Shown
In Pos. 1


PC MOUNTING


Actuator Shown In Pos. 1


.214
(5,44)


.026
(0,66)


.153
(3,89)


PC MOUNTING


T102 Models:
Omit terminal 2


Actuator Shown
In Pos. 1


.214
(5,44)


.358
(9,08)


PC MOUNTING


T102 Models:
Omit  center hole.


A RIGHT ANGLE, PC THRU-HOLE


A RIGHT ANGLE, PC THRU-HOLE


AV VERTICAL RIGHT ANGLE, PC THRU-HOLE


AV VERTICAL RIGHT ANGLE, PC THRU-HOLE


V3 VERTICAL MOUNT, V-BRACKET


Not available with T102 model.


NOTE: Terminal bend radii and lead-in manufacturing option.


T102 Models: Omit terminal 2


NOTE: Terminal bend radii and lead-in manufacturing option.


T101MH9ABE


Horizontal Actuation


SPDT


T201MH9ABE


Horizontal Actuation


DPDT


T101MH9AVBE


Vertical Actuation


SPDT


T201MH9AVBE


Vertical Actuation


DPDT


T101MH9V3BE


SPDT
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Dimensions are shown: Inches (mm)
Specifications and dimensions subject to change
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TERMINATIONS


Actuator Shown In Pos. 1


PC MOUNTING


V3 VERTICAL MOUNT, V-BRACKET


CONTACT MATERIAL 


* Note: See Technical Data section of this catalog for RoHS compliant and compatible definitions and specifications.


1 CONTACTS & TERMINALS: Copper alloy, with gold plate over nickel plate.
2 END CONTACTS: Coin silver, with gold plate over nickel plate.
3 CENTER CONTACTS & ALL TERMINALS: Copper alloy, with gold plate


over nickel plate.
4 END CONTACTS: Coin silver, silver plated.
5 CENTER CONTACT & ALL TERMINALS: Copper alloy, silver plated.
6 TERMINALS: Copper alloy, with matte-tin over nickel plate.


All models with all options when ordered with R, G, or Q contact material.


B contact material standard with A, AV, V3 & W terminations.


Q contact material standard with C & Z terminations.


SEAL 


E EPOXY SEAL


T201MH9V3BE


DPDT


OPTION 
CODE


CONTACT 
MATERIAL


TERMINAL
PLATING RATINGS


SILVER 5


GOLD 1


SILVER 4,5


GOLD OVER 


SILVER 2,3


GOLD 3


MATTE-TIN 6


GOLD 1


MATTE-TIN 6


LOW LEVEL/


DRY CIRCUIT


POWER


LOW LEVEL/DRY 


CIRCUIT OR POWER


0.4 VA MAX. @ 20 V AC OR DC MAX.


TX01 MODELS: 3 AMPS @ 120 V AC OR 28 V DC.
ALL OTHER MODELS: 2 AMPS @ 120 V AC OR 28 V DC.


TX01 MODELS: 0.4 VA MAX @ 20 V AC OR DC MAX. OR
3 AMPS @ 120 V AC OR 28 V DC.
ALL OTHER MODELS: 0.4 VA MAX @ 20 V AC OR DC MAX. 
OR 2 AMPS @ 120 V AC OR 28 V DC.


B


P


Q


G


R


AVAILABLE HARDWARE


1/4-40 uns-2A nut
.524 (13,3)


.6
58


 (
16


,7
)


.331 (8,4)759D02000 SEALING BOOT


* Note: For use with S1 actuator style when combined with T, TK, and CF bushings.


            












ZPSA20 Series


3055 Del Sol Blvd • San Diego, CA 92154 • 1-800-LAMBDA-4 91


Industry standard footprint Availability to second source
Wide Range AC Input Global Operation
Class B conducted EMI Reduced system filtering required


Feature Benefit


Video/Audio Routers
Datacom
Point of Sale
Test and Measurement


Wide Range AC Input


Low profile, Industry Standard Footprint


Global Safety Agency Compliance


Key Market  Segments  & Appl i cat ions


Features  and Benef i ts


2 x 3.5" 20W AC-DC Power Supplies


ZPSA20
ITEMS
Input Voltage range (1) - 85 - 264VAC (47 - 440Hz) or 120 - 370VDC
Inrush Current A 40A maximum at 240VAC input, 25°C ambient cold start
Input Current (115/230VAC) A 0.25 / 0.12
Leakage Current mA 0.6mA maximum (264VAC, 60Hz)
Hold Up Time (Typ) ms 8ms at 115VAC input
Temperature Coefficient - ±0.05%/°C
Voltage Accuracy - ±1%
Adjustment Range - None
Minimum Load A None
Load Regulation - ±1% (10 - 100% load change)
Line Regulation - ±0.5% (100 - 240VAC line change)
Ripple & Noise (2) mV 1% or 50mV whichever is greater
Short Circuit Protection - Continuous - hiccup mode
Overvoltage Protection V 110 - 130% of nominal (Zener clamp)
Efficiency % 82% typical
LED Indicator - Green LED = OK
Operating Temperature - 0 to +70°C derate linearly to 37.5% load from 45 to 70°C
Storage Temperature - -20 to +85°C
Humidity (non condensing) - 10 - 95% RH
Cooling - Convection
Withstand Voltage - Input to Ground 1.5kVAC, Input to Output 3kVAC, Output to Ground 500VAC for 1 min.
Isolation Resistance - >100M at 25C & 70%RH, Output to Ground 500VDC
Vibration (non operating) - 23.52m/s2 (10 - 55Hz: constant sweep 1 min X, Y, Z for 1 hour)
Shock - < 196.1 m/s2 (20G)
Safety Agency Certification - UL60950-1, CSA60950-1 (cUL), EN60950-1, CE Mark
Conducted & Radiated EMI - EN55022-B, FCC Class B
Immunity - EN61000-4-2, -3, -4, -5, -6, -8
Weight (Typ) g 100g
Size (WxLxH) mm 2 x 3.5 x 0.79 (including underside components)
Warranty yr One Year


Speci f i cat ions


(1) Safety certified for 47 - 63Hz input only
(2) Measured with 0.1uF ceramic & 10uF electrolytic at 20MHz BW







ZPSA20 Series


3055 Del Sol Blvd • San Diego, CA 92154 • 1-800-LAMBDA-492


Model  Selector


ZPSA20-3R3 3.3 4.4 6.6
ZPSA20-5 5 4.4 6.6
ZPSA20-9 9 2.45 4.0
ZPSA20-12 12 1.8 2.7
ZPSA20-15 15 1.4 2.1
ZPSA20-24 24 0.92 1.4


Maximum Peak
Model Output (V) Output (A) Load(A) (3)


Options


Blank Molex connectors
/P PCB mount pins


Suffix Description


Revision A2: Oct 2008


For Additional Information, please visit 
us.tdk-lambda.com/lp/products/zpsa-series.htm


KPSA 5 - 15W pcb mount
KM 15 - 40W pcb mount medical
ZPSA/ZPD/ZPT 40 - 60W, single, dual and triple output
ZWS 5 - 240W single output


Other Lambda Industrial Products


Out l ine Drawings  (ZPSA20)


All Dimensions are in inches[mm]
Tolerances Inches X.XXX +/-0.02
                    Millimeters X.XX +/-0.5
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Outl ine Drawings  (ZPSA20xx/P)


(3) Average not to exceed max power, <30s, 10% duty cycle 
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Industry standard footprint Availability to second source
Wide Range AC Input Global Operation
Class B conducted EMI Reduced system filtering required


Feature Benefit


Video/Audio Routers
Datacom
Point of Sale
Test and Measurement


Wide Range AC Input


Low profile, Industry Standard Footprint


Global Safety Agency Compliance


Key Market  Segments  & Appl i cat ions


Features  and Benef i ts


2 x 3.5" 20W AC-DC Power Supplies


ZPSA20
ITEMS
Input Voltage range (1) - 85 - 264VAC (47 - 440Hz) or 120 - 370VDC
Inrush Current A 40A maximum at 240VAC input, 25°C ambient cold start
Input Current (115/230VAC) A 0.25 / 0.12
Leakage Current mA 0.6mA maximum (264VAC, 60Hz)
Hold Up Time (Typ) ms 8ms at 115VAC input
Temperature Coefficient - ±0.05%/°C
Voltage Accuracy - ±1%
Adjustment Range - None
Minimum Load A None
Load Regulation - ±1% (10 - 100% load change)
Line Regulation - ±0.5% (100 - 240VAC line change)
Ripple & Noise (2) mV 1% or 50mV whichever is greater
Short Circuit Protection - Continuous - hiccup mode
Overvoltage Protection V 110 - 130% of nominal (Zener clamp)
Efficiency % 82% typical
LED Indicator - Green LED = OK
Operating Temperature - 0 to +70°C derate linearly to 37.5% load from 45 to 70°C
Storage Temperature - -20 to +85°C
Humidity (non condensing) - 10 - 95% RH
Cooling - Convection
Withstand Voltage - Input to Ground 1.5kVAC, Input to Output 3kVAC, Output to Ground 500VAC for 1 min.
Isolation Resistance - >100M at 25C & 70%RH, Output to Ground 500VDC
Vibration (non operating) - 23.52m/s2 (10 - 55Hz: constant sweep 1 min X, Y, Z for 1 hour)
Shock - < 196.1 m/s2 (20G)
Safety Agency Certification - UL60950-1, CSA60950-1 (cUL), EN60950-1, CE Mark
Conducted & Radiated EMI - EN55022-B, FCC Class B
Immunity - EN61000-4-2, -3, -4, -5, -6, -8
Weight (Typ) g 100g
Size (WxLxH) mm 2 x 3.5 x 0.79 (including underside components)
Warranty yr One Year


Speci f i cat ions


(1) Safety certified for 47 - 63Hz input only
(2) Measured with 0.1uF ceramic & 10uF electrolytic at 20MHz BW







ZPSA20 Series


3055 Del Sol Blvd • San Diego, CA 92154 • 1-800-LAMBDA-492


Model  Selector


ZPSA20-3R3 3.3 4.4 6.6
ZPSA20-5 5 4.4 6.6
ZPSA20-9 9 2.45 4.0
ZPSA20-12 12 1.8 2.7
ZPSA20-15 15 1.4 2.1
ZPSA20-24 24 0.92 1.4


Maximum Peak
Model Output (V) Output (A) Load(A) (3)


Options


Blank Molex connectors
/P PCB mount pins


Suffix Description


Revision A2: Oct 2008


For Additional Information, please visit 
us.tdk-lambda.com/lp/products/zpsa-series.htm


KPSA 5 - 15W pcb mount
KM 15 - 40W pcb mount medical
ZPSA/ZPD/ZPT 40 - 60W, single, dual and triple output
ZWS 5 - 240W single output


Other Lambda Industrial Products


Out l ine Drawings  (ZPSA20)


All Dimensions are in inches[mm]
Tolerances Inches X.XXX +/-0.02
                    Millimeters X.XX +/-0.5
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Outl ine Drawings  (ZPSA20xx/P)


(3) Average not to exceed max power, <30s, 10% duty cycle 







